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STUDIES OU THE CIKCULATIOU IN MAN 

X THE BLOOV-FLOW IN THE HANDS IN DISEASES OF THE HEART 

G N STEWART, ]\ID 

CLEVELAND, O 
GENERAL REMARES 

It has been mentioned in the introduction to the last paper^ that 
when propel piecautions are taken there is a A^ery fan degiee of con- 
stancy in the lesiilts obtained in successive observations on ditfeient days 
on one and the same patient, provided gross changes in his clinical 
condition aie excluded Accoidingly, a maiked change in the flow not 
accounted foi by changes in the external conditions, especially in the 
external temperature, ahvays suggests some decided alteration in the 
clinical state of the patient On the othei hand, in certain cases, infoi- 
mation may be obtained as to the state of the patient, for example, in 
legal d to the lability of his vasomotoi mechanism or the power of 
adaptation of his heart, by puiposely changing the external conditions 
01 by taking advantage of changes that haie spontaneously occurred, in 
01 del to deteimine their eflect on the flow in the hands or feet 

In comparing the flows in the whole senes of cases investigated with 
those in noimal peisons, one is struck by the fact that while the flow in 
persons sutfering from well characteiized pathological changes (compen- 
sated valvular lesions, for example) may be of the normal magnitude, 
having regal d to the age of the patient, the room temperature, etc, in 
a much larger niimbei of cases it is below the normal, often greatly below 
it Sometimes there is good evidence that tins diminution in the hand 
01 foot flow IS the expression of an increased excitation of the vaso- 
constiicioi mechanism as a nhole or at least of the portion of it which 
piesides ovei the cutaneous vessels not necessarily related to any material 
diminution in the driving powei oi the output of the heart In other 
cases there is good evidence that the diminished flow in the hand (or 
foot) is in the mam the expiession of diminished functional capacitj’- on 
the })ait of the heart, associated either with engorgement of the veins 

♦From the H K Cushing Laboratory of EAperimental Medicine, Westein 
Resene Unneisitj 

1 Paper IX of this series 
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and the right side of the heart or with diminution in the filling of tlie 
arteries without increased venous pressure In still other cases evidence 
may he obtained of a diminished flow in one or both hands or feet, which 
IS solely or mainly a local condition A local increase in the flow may 
accompany such conditions as inflammation or vasomotor paralysis 

The question whether the flow in the hands oi feet gives any indica- 
tion of the functional capacity of the heart would he best discussed on 
the basis of an experimental comparison of the heart output, as detei- 
mined gasometrically, with the hand flow m noimal and pathological 
cases Even in the absence of such a comparison, however, it would 
appear, that where the hand (or foot) flow is not less than normal it is 
only in exceptional conditions (local vasomotor paralysis of hands and 
feet^) that any gioss error will be made m assuming that the heait is 
discharging an amount of blood not inferior to the nomial When, how- 
ever, the flow in the extremities is permanently and decidedly less than 
normal, several points have to be considered In many of these cases in 
which the normal ratio of the hand flow to the foot flow is preseried* 
in spite of the diminution in the flow and in which no anemia is present 
there is often good evidence that the lessened driving pov er of the heai t 
IS primarily responsible for the diminished flow On the other liand, in 
the anemias® the diminution of the flow in the hand and in the skin 
generally seems to he a compensating mechanism which permits an ei on 
increased quantity of blood to be sent by the heart through the lunge 
A marked disturbance of the normal ratio between the hand and 
foot flow, of course gives no information as to the functional capacity 
of the heart, but indicates in the absence of local anatomical changes 
which might account for the difference (arteiitis paiesis, etc ), a change 
in \asomotor excitabilitj^ Usually, this is manifested in a vasocoiistiic- 
tion of the feet, and a foot flow ‘^mallei than the normal in compaii=on 
to the hand flow Since the feet are noimallj but little exposed in com- 
paiison with the hands, local vasoconstriction connected vilh the technic 
of the measurements is moie likely to occur :n the feet than in the 
hands In various pathological conditions, foi instance feier,^ vhcro 
the vasocon'^tiictor mechanism of the skin is abnormally excitable the 
tendency of vasoconstriction in the feet on cx'posure is intcncifiod For 
this leason, ns veil as on account of the inferior flov per unit of loliiine 
m the feet, measiuenients of the hand flow are rlvays to be preferred to 
measurements of the fool flov vhen tlie object is to obtain general 
information concerning the ciiculation and not to stiuh local cireulaton 
conditions A disturbance of the noimal ratio betveen the hand and 


O Parer VII of =cnc^, .Tour I \per XM lon, No 1 
a Paper W of (his Fane®, Jour H-eper XfeJ , mn, wm, Xo 2 
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foot flow, clue not to ^a‘^omoior. but to anatomical causes (aitciitis 
obliicrnns, for e\amp]e), woultl be revealed by the fact that the ratio 
icinains permanently abnoimal eien when the external conditions, the 
loom tempeiaiure c'^pecjally, are changed so as to abolish vasomotor 
dilTcrcnces of the low'cr and the upper extremities, or when this is done 
by tlic admimtlratioii of ^acodllator drugs 

A few words aie nccessaiy in legard to the classification of the cases 
dealt with in this papei Some o^cllapplng between the groups is 
una^Oldable and the attempt has been made to assign each case present- 
ing a complication of lesions to the group in which the factor seemingly 
predominant in the clinical picture would place it For example, in the 
gioup of m^oca^dlal atfections, cases are nccesbarily included in which 
there weie definite and demonstrable valvulai lesions Thus certain cases 
w'lth mitial stenosis (and insufficiency) aie placed m the myocaidial 
gioup because there is evidence that auricular iibiillation was also 
pie=ent, and that probably this condition with the consequent marked 
difctui bailee of the action of the ventricle was at the time of the investi- 
galion a moie imporlaiit factor in the clinical situation than the 
\olMilai lesion, oi at least a factoi wdiieh differentiated the case fiom 
one with tlic valvulai lesion alone, and gave to it an added gravity 
Among the few’ cases classed as arteriosclerosis, a group which might, 
of course, have been greatly sw'ollen at the expense of the other groups 
liad attention been paid solely to this condition, is one" which might also 
]ia\c gone with the \ahular lesions It is included with the cases of 
arteiiosclciosis simp]} because that condition was extremely marked in 
tlic accessible arteric': 

I coxpiTiox^; IX wiiicii siGxs or ixvolvemunt or the myocabdium 

niEDOMlXATED 

ddiere is piobabl} no patliological condition of the heait in wdiich 
‘-iicli small hand flow*; are encounieied as in this group TFliile the 
nnocauluim is aenng well, gra\c \alvular defects may, as is well known 
be oicrcomc and the output remain for long periods quite at the normal 
lo\ol The rc‘=ults of the blood-flow measurements in many cases of 
Mihulni legions with good compensation are perfectly normal "With a 
lic'irt whoce nnocaidium is seiiousl} crippled even when the valves are 
.inatomicnllv and probabh functionally intact, the hand flow may sink 
to I'^ionislnngl} =mall flgurc= hTor is this difficult to understand A 
purnn wiili somewhat leak} lahcs mav siill deliver a good stream when 
the stroke^ arc ‘^irong and regular Xo matter liow tight the valves are 
tlie oui.nit will be ^unll if the stroke i'; feeble uncertain and irregular. 

v Frv ’ Pftvi r XI of tin'; sene': 
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llius iG StcpliGG j a GiaG ol years old, tlie flow ig tlie liaBds ■was 
only 0 2 giam per 100 c c of hand per minute with a loom temperature 
of 23 5 C increased to 0 5 gram in the right hand during immersion of 
the left in waini water^ or not more than one-twentieth of the normal 
flow The protocol of this case has already been published ® 

The man, a contractor in a small -nay for brick and carpenter work, was 
examined in the dispensary and was admitted the same day to Lakeside Hospital 
where he died a few days later He stated that between three and four years 
previous to admission he became ill after a heavy lift and had never been well 
since All the signs of cardiac failure were present To the left the cardiac 
dulness extended almost to the anterioi axillary line There was marked 
arhythmia with numerous premature contractions For some time past he had 
been aware of the irregular action of his heart and stated that it sometimes 
stopped for a beat The pulse-rate was only GO (counted at the apex beat with 
the stethoscope) The neck veins were much engorged in the supine position 
There was edema of the feet and ankles The hands and feet w'ere habitually 
cold although the weather was mild The W’hole surface was pale and cool 
There was no indication of valvular lesions No murmurs were detected during 
the time the patient lived The lungs were clear The climcal diagnosis was 
myocarditis without valvular lesion The immediate eause of death was pontine 
hemorrhage At autopsy the findings were fibrous myocarditis with relative 
insufficiency but no vmlvailar lesion, pericaiditis, perihepatitis and atrophic 
cirrhosis of the liver, and acute pulmonary edema 

In Mrs A , a woman aged 72 , who came to the dispensaiy complain- 
ing of palpitation of the heart and megular pulse, the blood-flow m the 
left hand came out 0 78 gram pei 100 cc per minute, and in the light 
0 45 gram, with loom temperature 22 5 C It must be taken into accouut 
that the hands in this case, being the typical hands of old age, consisted 
laigely of bone which has a small blood-flow^ 

The irregulaiity of the heait has been noticed for the past six vears Ihe 
heart sounds wcie clear and no muimurs could be detected, but there vias marked 
arhjthniia Ihe pulse rate was 92 in sitting position There was no edema, no 
cough There was a history of rheumatism at 50 years of age, and again the 
winter before admission The hands weie very thin and rather cool, although 
she wore gloves and said they were as warm as usual A diagnosis of senile hcait 
with chrome mvocarditis, arhvtlnnia and aitcriosclerosis was made She con 
tinued to come periodicallv to the dispensary for over four months, still com 
plaining of palpitation although the pulse became more regular 

The difference in the flow m the two hands (it must of course be 
noted that the accuracy of the measurements is less with the':o small 
flows than with noinial flows) suggests that the smallness of the flow 
may be paitl} due to local vasoconstriction, which is often temporaril} 
unequal for the two hands, and not altogether to the small output of the 
heart The question ma} indeed be raised whether as in the anemia=' 
a peripheial constriction ma^ not occm in these ca':es in the interest of 
an inci eased flow through the lungs (and through the brain and other 
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vjial oigcUis) 111 some Mays the (juestion is merel}'' an academic one, 
since it IS Avell known that in maiked anemia the heait muscle may he 
impaiiefl It is cleai that the peiccntage content and the total absolute 
amount of hemoglohin in the blood being normal, theie may still be 
ox 3 'gen deficiency if the iveakened heait is unable to piopel the normal 
amount of blood flora the left \entricle thiough the systemic vessels to 
ihe light side of the heart On the supposition that the right ventricle 
could deal with a laiger quantity of blood than is actually brought to it, 
a diminuiion in the average ciiculation time of the blood through the 
systemic path brought about by vasoconstriction confined to or predom- 
inating in the peiipiieiy might increase the minute volume of the heart 
In this case the small hand flow, where the myocardium is seriously 
damaged, w ould be due to tw'o things Fust, diminished driving powder of 
the heait and second, constriction of the vessels of the peripheral parts 
m exce'^s of that wdiich w^ould correspond to the diminished filling of 
the vc'^sels due to Ihc deficient action of the heart alone Although the 
outjnil in such cases as Stephen F is diminished, it is not coneenable 
that it is diminished m the same proportion as the hand flow 

Jacob W , a house carpenter aged 59, height 5 feet, 1 inch, weight 173 pounds, 
was admitted at tlie dispensary April 4, 1911, suffering from myocarditis wnth 
angina] attacks Si\ months previously ivhile going to church he was suddenly 
seized with suhstcrnal pain, with great dyspnea Ho had to sit down and could 
not speak Since that time he has had a spell every morning, lasting two to five 
minutes and it is getting w orse If the pain is severe the left hand and forearm 
get dead Since jestorday he has had palpitation His general health avas good 
until si\ months ago He had rheumatism eighteen years ago He used to drink 
bcci and whisky moderately and to smoke moderately He denies lues Physical 
oxaniination, cjanosis, some icterus, emphysema, heart generally enlarged, no 
muimurs The heart sounds are weak, blood-pressure high, some sclerosis of 
the ai tones Urine negatne 

lie came pciiodically to the dispensary after this April 24, 1911, his systolic 
blood pi cssure was 190, diastolic 110 Apiil 27, 1911, he had five attacks dm- 
ing the night :Mav 1, 1911, he had a mild attack while being examined in the 
dispensan 'Iho pain was felt right beneath the sternum and radiated down 
the inner side of the left aim and up the neck to the chin The pulse becomes 
conicwhat sniallei during the attack but the rate does not change The heart 
is cnhiiged 1 cm to the left but not to the right He is still stout He is being 
tioated with polasainm lodid and sodium nitrite The blood flow in the hands 
was oxiniincd Maj 1, 1911 Mouth temperature 37 1 C Pulse (sitting) 100, 
and rather amall Handa in bath at 2 44 p m , in calorimeters at 2 55 * At 
> 10 p 111 left hind put into water at 42 9 C (Table 1 ) 

Cooling of calorimeters R, 0 11 degiecs m fourteen and one-half minutes, 
Left Oil degiees in twenh-one and one half minutes Volume of rmht hand, 
503 ec of left hind 4SG ec The hands wore fat 

The flow jn the light hand woiks out at 2 46 giams pei 100 cc per 
mniiito, and in ihe left hand at 1 96 grams When the left hand was 


Ihiee thousand and fifteen ec of water were put into each calorimeter 
In the protocol- unle-a otherwise mentioned, this was the quantity always used 
for ihe hand calorimeters 
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immcised in waim water the flow in the right rose to 3 86 giams, a fair 
reflex vasodilatation Subsequent unmersion of the left hand in cold 
water caused little change in the flow in the right 

TABLE 1 — Calobimeteic Measobements in Case of Jacob W 


Time 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Eight 

Notes 

2 54 

29 83 

29 91 

241 

3 14 

30 12 


2 56 

29 81 

29 86 


3 15 

30 14 


2 57 

29 82 

29 86 


3 16 

30 18 


2 58 

29 84 

29 87 


3 17 

30 20 

Eoom 25 0 C 

2 59 

29 87 

29 88 

24 9 

3 18 

30 23 


3 00 

29 87 

29 89 


3 19 

30 26 


3 01 

29 88 

29 91 


3 20 

30 29 

At 3 20 left hand put in 







water at 11 5 C 

3 02 

29 89 

29 92 


3 21 

30 32 

Eoom 26 1 C 

3 03 

29 89 

29 92 


3 22 

30 34 


3 04 

29 91 

29 93 

25 0 

3 23 

30 36 


3 05 

29 92 

29 94 


3 24 

30 39 


3 06 

29 93 

29 94 


3 25 

30 41 


3 07 

29 95 

29 95 


3 26 

30 44 


3 08 

29 98 

29 97 


3 27 

30 47 

Left hand dried and 







wrapped 

3 09 

29 99 

29 98 


3 28 

30 49 

Eoom 25 1 C 

3 10 

30 02 

30 00 


3 29 

30 51 


3 11 

30 03 



3 30 

30 54 

Hand out of calorimeter 







at 3 30 

3 12 

30 05 



3 31 Va 


Temp of L is now 29 86 C 

3 13 

30 08 


25 2 

3 44y2 

30 43 

Temp of L is now 29 76 0 


In James M , a man 60 years old, with a very irregular pulse, enlarged 
heart and a history of edema of the feet and legs, the flow was 199 grams 
pel 100 c c per minute in the right hand, and 1 35 grams in the left (for 
the last ten minutes in the calorimeters) Anemia was probably not an 
important factor in the small blood-flow, since the hemoglobin content 
of the blood was 80 per cent three days before the examination The 
calculated flows for the last twenty minutes in the calorimeters are 1 56 
grams per 100 e c per minute and 1 06 grams for the right and left hands 
respectively, the ratio between the flows bemg precisely the same as for 
the last ten minutes (1 47 1) 

James M, a laborer aged 60, ivas admitted to the City Hospital June 16, 
1912 Three "weeks before "when in another hospital Ins feet and legs swelled and 
pitted on pressure On admission to the City Hospital petechiae "were present 
on both legs but there "was no edema The right side of the chest lags in inspira 
tion and sliO'ws diminished resonance beginning at the sixth interspace in the 
axillary line, and also posteriorly Fifteen months ago he had dyspneic attacks 
and the right pleural cavity was tapped June 21, 1912, the right chest "was 
aspirated but no fluid was obtained The left border of heart dulness is outside 
the nipple line, the right border at the right margin of the sternum The first 
sound IS roughened Pulse irregular, arhythmic, fair volume, sclerosis marked 
Tlie rectal temperature since his admission has varied from 100 4 to 98 2 P 
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T' niuintjon of Ihf blond flow m Ibc bonds was made June 27 1(112, on 
vliifb dn^ Ik* was di'-clmr/jtd Hands in bafh at 1 3*1’^ p ni , in colorimeters 
at 1 riy^ jt 1)1 . ind out of calonmclerp at 2 13 


'J MILL 2 —('AToi’iMni’jc Mi A‘-an”Mi ^TR ia Casi or Jviir^ M 


'j ime 

Right 

1 

U'fl 

Itonm 
'J emp 

r 

1 

Time 

1 

Right 

Left 

! 

Room 

Temp 

C 

1 13 

31 02 

1 

31 12 


1 

2 01 

1 

30 03 

1 

30 97 


1 15 

.30 90 

31 09 


2 02 

30 93 

30 965 


1 10 

30 OR 

31 08 ' 

22 0 

203 

30 03 

30 055 

23 0 

1 17 

,30 (18 

31 07 


205 

30 925 

30 95 


I IS 

30 075 

31 00 : 

22 0 

2 05 

30 025 

.30 045 


] 4') 

30 97 

3) 05 1 


2 00 

30 03 ; 

30 94 

23 1 

1 no 

30 905 

3101 

23 0 

2 07 

30 025 

30 935 


1 51 

30 on : 

31 03 


2 08 , 

30 025 i 

30 03 


1 52 

30 90 

31 03 


2 09 

30 03 

30 03 

23 1 

1 53 

30 955 1 

31 025 

23 1 

2 10 

30 925 I 

3093 


1 51 ' 

30 05 

31 02 


211 

30 93 

30 925 


1 55 ! 

30 on 1 

31 015 


2 12 

30 925 

30 925 


1 50 

30 94 

31 005 

23 1 

213 

30 03 

30 025 

23 0 

1 57 

30 01 

31 00 


2 14 

,30 03 

30 92 


1 5S 

30 01 

30 095 


2 15 

30 925 

30 016 


1 50 

30 035 

30 09 


2 27 

30 705 

30 78 


2 00 

30 03 ^, 

] 

30 OS 

i 

23 2 
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('oohnp of caloriniofors in twehc tnimitcs, L , 0 13 degrees, L, 0135 dcgiccs 
Volunu* of 1 ight band 308 e c , of loft band 350 c c He is right banded,* ivrists 
ion (bin, Imnds ••binni riilse 87 (sitting) Very irregular Rectal temper- 
tvlure 37 05 0 Wafer equiinlent of calorimeters with contents, R , 3,380, L, 3,380 
Blood jtiessuro, sNslolic ItO (palpation), 152 (stethoscope), 72 (sound gone) 
\nolbor ob'-enation, sistolic 114 (pnlpition) 

A t'l'-c* (liagno‘-c(l aunculut fibnllalion (in X P) is included under 
(lii^ lionding, altliougli tlioic a ^alMllal Ic'^ion (initial stenosis) 
jneconf as uoll Tin? cn=e did not conic iindei my oliseriation until tlie 
p'ltionf had iinpio\ed coiisideiably under tieatincnt (digitalis), 5 ’ei even 
th( a the flou in ilie hands uas quite small for her age (1 97 grams per 
100 0 0 per niinnie foi the right hand, and 1 59 grams for the left for the 
la^t el'Ntn innintos m the calorimeters) The small flow agreed with 
the toldne^^- of the hands and feet It was not associated with 

anoim 1 

K r , f I d 27, w i« ndnntt*-d for lit r picsent illness to the City Hospital March 
12 L'L. (*^ho w IS fir-* admitted to the ho-pital .\pnl 4 , 1910, suffering from 
rbi'ui vM-t) 1 H«nt \po\ Uat M<-ihtc in fifth interspace, one finger’s breadth 
»>*« eh •', ,np 5 .ie hr* \ presastohe Ibrill can l*e felt hero Left border Uro 
m. ath *.ut-u'e tbe nipple line, right border at the line 

1 a.’ a’ t’li’-a rib A ro’i::)i prfsi=folie murmur is heard over a small 
M Ce I a Ml ui.r tin prceordia "ud tran-mittod to the aMlla and back 


I’ll, L> \ - 1 > 


n iba* a 3 itu-it w-'s nehthanded unle-s the contrarr 
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IS heard a soft systolic murmur The pulse shows marked arhjdhmia Consider- 
able edema The urine, March 13, 1913, contained neither albumin noi casts 
On May 12, 1913, there was some albumin but no casts Under treatment (incliid 
mg digitalis) the pulse rate diminished The arhythmia became less marked 
although it did not disappear, and the edema cleared up Her appetite continues 
poor, but she sleeps well and is not troubled with dyspnea in any position Her 
hands and feet are always cold She says she is only really warm when sur- 
rounded by hot water bottles Polygraph tracings from the jugular and radial 
taken on May 16, 1913, showed the ventricular form of venous pulse, “u” waves 
being absent from the jugular tracing The rate of the heart in the semi reclin 
ing position was 80 as counted at the apex with the stethoscope, and piecisely 
the same at the wrist The variation in the duration of successive beats is great 
Twelve successive beats weie measured in each of two portions of the tracing 
In the first series the durations were 1 1, 0 8, 0 9, 0 8, 0 7, 0 65, 0 66, 0 5, 0 6, 
0 9, 0 75, 0 9 second, the average being 0 77 second coi responding to 78 beats 
per minute In the second senes the duiations were 0 85, 0 65, 0 75, 0 7, 0 7, 
0 55, 0 75, 0 85, 0 9, 0 85, 0 95, 0 85 second, the average being 0 78 second eorre 
spending to 77 beats per minute 

The blood-flow was examined May 12, 1913 Hands in bath at 2 43 p m , 
in calorimeters at 2 S4^, and out of calorimeters at 3 16 Mouth tempeiature 
36 3 C {the theimometer was in five minutes and special care was taken) 

TABLE 3 — Calopuietric Measebejiexts in Case or N P 


Time 

1 1 

1 Eight 

1 ® 

1 

Left 

Room 

Temp 

C 

Time 

Right 

1 

Left 

Room 

Temp 

0 

! 

2 54 ! 

31 56 

31 41 


3 06 ‘ 

31 455 

3128 ' 

23 9 

2 55 I 

3153 

31 37 


3 07 

31 45 

3127 


2 56 1 

3151 

31 36 

24 2 

3 08 , 

31 45 

31 27 


2 57 1 

31 50 1 

31 355 1 


3 09 

31 44 

31 26 


2 58 ' 

31 50 

31 35 ' 

24 1 

3 10 

1 31 43 ^ 

31 255 

1 23 8 

2 59 

3149 

31 34 


3 11 

1 31 43 1 

3125 

1 

3 00 

3149 

31 33 


312 

1 31 42 1 

31 24 

1 

3 01 

3148 

31 31 


3 13 

3142 

1 31 235 


3 02 

31 46 

31 30 


3 14 

31 41 

1 3123 


3 03 

3146 

31 29 

23 6 

3 15 

I 3141 

1 31 225 


3 04 

1 31 46 

31 285 


3 16 

31 405 

31215 


3 05 

31 455 

31 2S 

23 9 

3 35 

31 19 

30 995 



Cooling of calorimeters in 19 minutes, R, 0 215 degrees, L, 0 22 degiees 
Volume of right hand in calorimeter 298 c c , of left hand 276 c c Pulse (sitting) 
75 in one count, 66 in another, irregular and veak It is not easy to count the 
pulse at the wrist because of the lanability in the beat Systolic blood pressuie 
in right arm 95 Difficult to determine the blood-piessure nith the stethoscope 

A man 44 years old (Jacob S ), with mitral stenosi«. and insufficiency, 
an iriegulai lieait and weak and iiregnlai pulse, fiom a study of whose 
case a diagnosis of aniicnlar fibrillation was made had a flow of only 1 97 
glams per 100 c c pei minute m the light hand and 0 06 giam m the 
left, mtli room temperatuie 22 2 C The dispropoi tion m the flow in 
tile two hands is associated with old hemiplegia of the left side Immer- 
sion of the right hand in v arm water caused a great percentile increase 
in the flov in the left hand (to I 51 grams pel 100 cc pei minute foi 
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Iho fh'-t fiNc minute^- iuid f'f) paui'' foi Ihc next fo\u iwnntcs), although 
Die inaMiiniin n.i^^ ‘-iill ^ib‘-oIlltc]^ a ‘^inall The fan crossed ^aso- 

iHotoi letlc' fiom Die norinnl to Die fonneil} paiah/cd hand nhich had 
hugciv i(‘cn\('ie(1. (ontia'-t^- mlh Die ah^ence of leflox in a case of old 
h(‘ini|)l(‘gi.i nlieie Dieic laid been no icco\ci> of the hand® 


.Tncol) &, !i Iniloi n"C(l -11, linplit fc'(, incho'; uciglit 1*10 pound'?, fu^t 
piohdilcd liiiii'-oH at tlio th'-j)rn‘?ar\ Oct 27 1010 Ihrcc jears before be bad 
rluuini(i‘?tn and had “lienf trouble” that tunc nnd also pneumonia Llc\en 
M'liK ago iilitn ''iKiug in a cbair he had a left ‘•idod parahsis Minch came on 
him suddonli He lost eoiiccioufiiie'?'? Tie nHo hid aphasia He could undei- 
stand what m i'' faid but fould not speak He rcco\ered his speech in two months 
'Jilt arm and leg letoiewd slonly 'Jheic nas no disturbance of '?cnsation at 
the tim< of the stuiKe, hut tvo months later he had loss of sensation so that a 
]iin eoiihl lie slmk into his arm or leg mthonl his knowing it He burnt his 
left dhow '-eioeh without feeling it In loinnig on a stoae 'ihe linos on the 
left side of the fate are not so deep ns on tlic right He dings the left foot sonio- 
wlmt 'ihe tongue is protinded in the median line 'The rcflcNcs are much 
iiieK I'-ed in both iipjiei and lowti extremiti Hahinski’s "igii can be obtained 
on the hft ''ide 'Joueh nnd pnn arc noimnllj nppiocintcd on the left side but 
heat taimol he distinguished oier the left aim 'Jlic phjsical signs of chronic 
liroiuhitis nnd emplnsema are present Ileait sljghth enlarged both to light 
and left Vnlmonic •-econd sound accentuated 'J he heart Bounds arc \er% iircgii 
lai both in force and rlnthm Pulse rate 80 

Ko\ 5, 1010, a marked prcsistolic mniimir and thrill can he made out 
Dec 10, 1010, ho IS ^el^ d^spuelc and cannot sleep Ears, fingers, tip of nose 
nnd bps are e\nnolic I’ositne \nions pulse in the neck The heart dulness 
txtdulB two finpeiR outside the nijiplo lino on the loft side and two fingcis out- 
side the sternal margin on the right There is a sharp first sound preceded by a 
faint pres\stoIie muimur nnd followed Iw a sastolic murmur The pulse is small 
irreguhu and of \or\ poor \olumc nnd tension The left radial pulse is smallci 
than the light The Iner is incre\s(d in sue to percussion He was rcccned 
into the hospital to dax wheio ho improxcd Blood-prcssnre, Rjstolic 1G2, dins 
lolie 120 Blood leukooites, 10,500, hemoglohin, 00 per cent 

.V^iril 11, 1011, he returned to the disjiensarx in .about the same condition as 
hefiiie he (utirod the ho-pital Pulse rapid nid irregular 

Apiil 27, ion, nilaipeiiunt of the heait and aihxthmin is still maiked Knoo- 
ink imii'h e\iggtrited on (he hfl side B hen he gets out of hicath he feels 
(lie hft hand getting Btitf The difftronce in bi/c of the two linmls is not con 
spunon- Tlie gr. it dilft rence m tlu two aims is in the girth of the shoulders 
(he hff t-ltouMci being much smiller than the right He cannot completely 
ixt.nd (he left fou.irm on the Hhow uwing to continctnre Somcliincs when h*e 
1 g^* I'pHig ail ohurt in his left hind (he fingers remun closeil around it inxolnn 
( ink uul In h 1 - to loh u-e (he oltject with the other li.ind He lost stvuil powei 
K th. time of the ‘-(roke nnd has not legninfd it Hi lias been constipated smee 

(he '^tro'vi* and Ins Jnd (o ime citlinrties tons( mth 


ihe Mood tlo\\ m (lie hands was meisniiM Spnl 2.7, 1011 Pulse {sittiim} lOt 
Mouth (. mp. - itiiio U. 2.7 (' Hands ni hith at 2 dl n m , m calorimeters n't 2 12 
\1 2 p m the right hand was put into w itei at 13 3 C 
i iluMi".'n 11 w is cmMinth st„red until 3 10 p m After this P. nnd 
I w.r. i’!\ :tiin i onsiordh Cooling oi B from 2 .77 to 3 10^7 is 0 IS 


di *r.i> \ni 
litlh n .jj, 1 

. ll>l, . d-- 


a oni >' ilf nuniuo" ) Cooling 
s o 17 (hgr.. tin "I'tis'n ori 
iwit'i litth siij.jngj i« (1 ICi 


of B from 3 10i7 to 3 27 (with 
I'lM minntes ) Cooling of L from 
d.gi.e (in ‘•nentc'-n one half min 



ni ‘'1 
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TEE AUGHIVES of INTERNAL MEDICINE 


utes ) Accordingly witli little stirring L cooled at the same late as R We 
can therefore assume that ivith constant stirring this ■would also be true and that 
the amount of cooling foi L during the obseri ations is 0 18 degree in fifteen and 
one-half minutes Volume of right hand 390 c c , of left hand 378 c c 


TABLE 4 — Calobimetrig IMeasubements in Case of Jacob S 


Time 


2 41 
2 43 
2 44 
2 45 
2 46 
2 47 
2 48 
2 49 

2 50 
2 51 
2 52 
2 53 
2 54 
2 55 
2 56 
2 57 


Eight 


29 73 
29 68 
29 68 
29 68 
29 68 
29 67 
29 67 
29 67 

29 68 
29 68 
29 68 
29 69 
29 69 
29 70 


Left 


29 72 
29 65 
29 65 
29 64 
29 64 
29 63 
29 63 
29 62 

29 63 
29 62 
29 61 
29 61 
29 60 

29 60 
29 59 


Temp 

Room 

0 

22 0 

22 4 

22 6 


Time 


2 58 

2 59 

3 00 
3 01 
3 02 
3 03 
3 04 
3 05 

3 06 
3 07 
3 08 
3 09 
3 10 


Left 


29 60 
29 60 
29 60 
29 59 
29 61 
29 62 
29 63 
29 64 

29 64 
29 65 
29 65 
29 67 
29 68 


29 52 


3 10% 
3 27 
3 28 


Notes 


Room 22 7 C 


At 3 05 right hand dried 
and -wrapped 


At 3 10 hand out of 
calorimeter 

Temp of R is now 29 52 C 
Temp of R is now 29 37 0 


In a third case diagnosed as one of auricular fibrillation (T S' K ), 
a man 57 years old, the flow was 4 45 grams per 100 c c per minute for 
the light hand, over an eighteen-mmute period, and 5 23 grams for the 
left hand (ratio of the flows m the two hands 1 1 17) Tor the last nine 
minutes of this period, the flows were 6 21 grams and 7 06 grams, 
ively, for the right and left hands (ratio of the flows in the two hands 
1 1 IS) These are fair flows for the man’s age, indicatmg that the hear 
in spite of the irregular action of the ven-tricle is maintaming a fair ou 
put This coiresponds entirely with the clinical condition at the ime o 
the blood-flow examination The edema had completely disappeare 
There was no dyspnea The appetite was good and the patient ■was no 
longer confined to his bed Many of the pulse heats at the ■wxis 
of good amplitude, although others were small (Fig 1 )j "while m e 
case of N P all of the beats were small 

T r Kj a hncklaTer, aged 57, height 5 feet, 9% inches, ■« eight 
was admitted at the City Hospital May 1, 1913 He had typhoid ahou 
vears ago and rheumatism si'steen or eighteen years ago His presen i n 
began last November His ankles became swollen and also his legs, near y P 
to the hips and he lost strength and weight rapidly He noticed at e sa 
time that his pulse was irregular He had pain in the right side of t e c e 
The swelling in the legs had diminished somewhat before he entered the liospi a , 
but on admission edema and cyanosis were still to be observed His chra was 
barrel shaped with broad costal angle and poor expansion No rftles 
over the lungs, but there was a friction rub over the anterior surface of the rig i 
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lull” 'J Ik nrdnr iinjnil'T difTii'-c, niul f'xU.pd.'d constderrbU beyond the 
nipjib- line on tbo Ifft ‘•idn C nrdne duln'*=« enlarged to tbc loft Tlic Incr 
f-omoub'it fnlarp''d and jiul« ilion oMdf'nt in tbc ojnga'itrium Tbc \cins in tlie 
iKob a.ero di^Undf'd A ‘•\i-lolic murmur board oicr tbe apc\ Hi^ maMmum 
I'injier iturr (on Maa ua^- 101 0 T nunimum 07 } on tbc ‘•amc dn% Ibc niUM- 
inuni (unporaturf on Mna 10 vna 102, Mav 17, 102, TiLay 19, 1014 P Tbe 
pubr rate on Maj 1 "''an 120, Mi} 10, 92 'Jbe pul=c rates asere usunllj aboio 
'•0 Ibc ridinl jiupc j« marl odh irregular in amplitude and rbjthm, and tbe 
irregiilnnli ib noi afTcplod vbcn respiration i‘> •suspended Polj graph tracings 
from tbc di‘-lrnded evlernal jugular a cm and the radial artery showed that tbe 
araious puli’-c ^\as of tbo ^cntncu^^r character (Fig 1) Diagnosis, auricular 
fibrillation ’Jlic blood flow in the bands was o\amined May 19, 1913, at which 
time (hr swelling bad entireh di‘^i\ppearod from tbc lower evtremities and the 
pitKiit was allowed to sit up for a portion of tbe day Hands in bath at 3 14 
p m , in calorimeters at 3 2034 , and out of calorimeters at 3 47 




1 ig 1 — rpjur jicrl of tracing, Pimultaneous record of apev beat and ladnl 
pupe 'Jbe rcsj)iralor\ moifiiunts interfered with tbe apex trace except towards 
the rnd of cxiuration At tbo right i^. a portion of the apex tracing which allows 
a siifTiLii nth good companion to sliow that some of tbe apex beats are only fceblj 
repic<-cn(<d on tbc radial trice 'ibc Im.or portion of tbo figure gives simul- 
< UK 011= tracings from tbe external jugular and tbe radial As in all tracings 
tunc u. marled in fiftb= of a Fccond (All tracings reduced to about one half 
sue of originah ) 

't'MlLL .1 — t iioiuMiTUic Mrvsurr-MrxTS ix Cask of T F K 
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j i emp 

I ^ 

Time 

Right 

Left 

Room 

Temp 

C 

I 

1 

} 

13S 

11 01 

31 59 

24 0 

i 21 1 

1 39 

11 GO 

31 G25 


1 

1 10 

31 00.1 

11 CGI 

21 95 


141 

11 72 

31 CS) 


} 

1 12 

11 71 

11 73 


t 

1 43 

n 7S 

31 7G 

24 0 

24 2 

3 14 

11 71 

11 77 




31 12 

1] 82 

24 I 


3 40 

"1 15 

11 8G 



1 17 

11 IS 

11 'IQ 



1 10 

t 

11 ‘■.2 

31 Dlj 
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TEE ARGEIYES OF INTEREIL MEDIGIEE 


Eectal temperature 37 35 degrees Blood piessuie in left brachial, ina\imum 
systolic (when the larger pulsations begin to be heard) 111, 58 (sound gone) 
Another observation, maximum systolic 114, 58 (sound gone) 

In two eases in winch acute s 5 'inptoins diagnosed as due to ni} ocarditis 
had been present, but which had markedly improved under treatment 
so that the patients were able to come without trouble to the dispensarj', 
a fan hand flow was found Both were men 59 years old In one of these 
patients ( J S W ) who had been in the hospital two years before and had 
been near death, the flow was 6 82 grams per 100 c c pei minute in the 
light hand and 6 58 grams in the left, with room temperature at 21 9 C 
Simultaneous tracings from the jugular bulb, the radial artery and the 
apex showed that the ''c" wave was notably large, the a wave was also 
well marked All the ventricular beats were recognizable on the radial 
trace 

J S W , a fireman, colored, height 5 feet, 10 inches, weight 160 pounds, born 
in 1851, was first admitted to the dispensary Feb 21, 1905, complaining of 
pain m chest and cough The heart sounds were faint but clear No murmurs 
Heart dulness enlarged to the left well beyond the mammary line The pulse 
was irregular A diagnosis of myocarditis was made April 13, 1908, he was 
again admitted to the dispensary Heart enlarged to the left two fingers breadth 
beyond the mammary line Pulse rapid and irregular Some albumin in the 
urine Nov 4 1908, he was admitted to Lakeside Hospital and again on Feb 


TABLE G — Caloeimetric hlEAStrREiiEN rs in Case of J S W 


Time 

i 

Right 

1 

i 

' 1 

( Left 

Room 

Temp 

c i 

J 

'lime 

Right 

Left 

Room 

Temp 

C 

1 

3 10 1 

29 40 1 

1 

29 29 i 

1 

3 22 ' 

1 

1 29 96 

29 86 ' 


3 14 

29 47 

29 38 


3 23 

1 30 00 

29 91 


3 15 

29 53 

29 43 


3 24 

[ 30 08 

29 97 


3 16 

29 59 

29 50 


3 26 

i 30 20 

i 3010 


3 17 

29 66 

29 55 


3 27 

30 23 

3012 


3 18 

29 73 

29 61 


3 34 

3016 

30 06 


3 19 

29 78 

29 67 


3 39 

30 09 

30 00 

1 

3 20 

29 S3 

29 71 


3 51 

29 96 

29 88 


3 21 

29 89 

1 

29 80 

1 

1 

1 

1 





20, 1909 He had attacks of syncope with fluttering in the chest and came ncai 
death The pulse-rate was 120, systolic blood-piessure 160 Pulse regular and 
all the beats reached the wrist Under treatment the pulse rate diminished and 
as it slowed the arhythmia returned (premature contractions) March 19, 1909, 
the rate vas G8, systolic blood pressure 160 Tracings from the bulbus \enosus 
showed well marked a, c and v waves of which the c wave was very large Prc 
svstolic systolic and diastolic pulsations ueie visible over the jugular bulb He 
was discharged from the hospital May 5, 1909, improved Oct 5, 1909, he reported 
at the dispensary that he had gained 20 pounds since leaving the hospital Oct 
4, 1910, he was feeling better, but had occasional smothering sensations There 
was now no arhi thmia and no albumin in the urine 

The flow in the hands was measured Jan 10, 1911 He feels much improied 
Sistolic pressure still very high, when last taken 210 Hands in bath at 3 00 
p m , in calorimeters at 3 11%, and out of calorimeters at 3 27, 3,050 cc of 
water in each calorimeter Boom temperature 21 7 C (Table 0 ) 
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1 ? 

SoiniiK of Ii 111(1 570 r o , of l<‘ft Imnd 570 cc Hi^ Innds nrc %on hrpc 

I’lil'i' (.0 f-iUinjr) Moiitli 1* inpcrifuro 50 5 C’ Ktctil Icmpcnlurc 57 G C 

llonm <( mpcT.durc nt did of olie('r\ nfions 22 2 C 

Sinn UiH tinH Ik lid tonfimnd io report al llic disjicnsari and lins been 

inoif tlinn once in the hO'jntnl \\itb the ^ipnc of cardiac brcikdo\Mi On Dec 

7. 1012, “the hft border of the cardiac dulnc^a i« at the anterior aaillarj' line, 
md file Tiplif one GiipciS bu idtli b'\ond the ripht <;ternal border heart thump 
me and eomeulnt iire"ular I'eh 11, 1013, ppitting blood and abort of breath 
Uiplit border of cardiac dulmap h\o fingcra broidth to ncht of sternal margin 
Sounds distant and irrcgnlar Xo murnmra KhUa throughout both lungs” 
In dune, 1013 eight jiars from the hrgmning of Ins illness, lie uas still coming 
to tin dispnisirj and had periods of tomporan impioiemcnt 

'riu' oil’O) ]),itu'iit (IVtGi ]> ) u as tu Kc examined At Die fust exami- 
nation he had a tkn\ of G ii giams pci 100 c c of hand pci minute in 
the light liaiid and 5 00 giamt in tlic left, iiith room tempoiature 
215 0 hi'i IS In no means a laigc flow for the temperature, and wlnle 
r.iii leflox xasodilalalion was olitained by the application of w'ariiith to 
ihe eoniialaloial hand, cold did not cause lasocoiistnction siifiicicnt to 
lednce llie flow to tlic initial amount 'J'liis agiccs well wnth the fact 
that aiienoscleiosis was dislmd foi icflex xasoconstiiction is not well 
obtained in tins condition Almost a nioiilh later his hand flow* was 
igain measured lU' had meanwhile iiincli iinproxed The flow' xvas 0 95 
giams ))ei 100 e ( pel minute for the light and 7dG giams for the left 
hand IIowo\ci, the lOom temperature was iclatixeh' high (2G G C) 
.ind this piohalih accounted foi a poition of the incicase m the flow' 
'I’lic la^odilai.ition coii'^cquont on the high external temperature was con- 
sulciablo and penmttod a =mal] icflcx xasoconstnction when the contia- 
lateial Iiand was immersed in cold wntci 

IVlii 11. n imiior nged .53. hi iphl ,5 feet, 2 inclios ucipht 12G pounds, wns 
uiuhi (ilMui'nion at tlu dipprnsar% with SMiiptoms diagnosed ns duo to nno 
( uditis I <11 nuin Aons he did hcui uork in a gas i\orks Though lus uork 
1 - u<>^\ baht lie his ind to gi\e it up for the present lie sufTered grc-atly from 
ill. nmatiMii till about fifteen ^e•us ngo, since mIiicIi time be Ins not been troubled 
lln lomts ^^.^nld s^Mdl an.l ho could not unlk He n mnrnod and has seien cliil- 
di.n ill in gnotl In iJtb His present illnc'-s (kites from somcivlmt less than tuo 
n- .i;.. wlan he suddenly hccame uneonscions y]„]e mouing the lawn He 



THE ARCHIVES OP INTERNAL MEDICINE 


The flow in the hands was first examined April 21 1911 
Mouth temperature 36 45 C Room temperature 24 8 C 

2 31% p ^ » - 

42 9 C 


Pulse (sitting) 80 
Hands in bath at 


, , r — xtujjub m DatJi at 

m , in calorimeters at 2 42 At 2 53 left hand put into water at 


TABLE 7 — Caloeimetbic Measehements in Case of Petek B 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Right 

Rotes 

2 40% 

30 04 

30 03 


3 00 



2 43 

30 01 

30 02 


3 01 



2 44 

30 03 

30 03 

24 7 

3 02 



2 45 

30 06 

30 06 


3 03 


At 3 03 put left hand in 

2 46 

30 09 





water at 8 C 

30 09 


3 04 

30 71 

Room 24 3 C 

2 47 

30 11 

30 10 


3 05 

30 77 

2 48 

3014 1 

3012 


3 06 

30 79 


2 49 

3017 

3014 


3 07 

30 81 


2 50 

30 20 

1 3018 


3 08 

30 83 


2 51 j 

30 24 

30 21 

24 3 

3 09 

30 87 


2 52 

30 28 

30 23 


3 10 

30 89 


2 53 

1 30 30 

30 25 


3 11 

30 91 

At 3 11 dried left hand 

1 and exposed it for 
inspection Then wrap- 
ped it in warm cloth 

2 54 

30 32 



3 12 

30 93 

2 55 

30 36 


24 4 

3 13 

30 97 


2 56 

30 40 



3 14 

3100 

Room 24 2 C 

2,57 

30 44 



3 15 

3104 ' 

Hand out of calorimeter 







at 3 15 

2 58 

30 49 


24 2 

3 30 

30 89 

At 3 30 temp L 29 95 C 

2 59 

30 52 






Cooling of calorimeters, E , 0 15 degree in fifteen minutes, L, 0 30 degree m 
thirty-seven minutes Volume of light hand 360 cc, of left 320’ cc Wafer 
equivalent of calorimeters with contents, K , 3,383, L, 3,351 

Second examination hlay 17 1911 He is feeling much better than when last 
examined He was being treated with potassium lodid and nitroglycerin Although 
he has had slight attachs of dizziness and “feeling stupid,” he has not fallen or 
“gone stiff ” There is no arhythmia now, nor can any murmurs be detected 
Pressure on the vagus in the neck readily inhibits the heart causing the pulse 
at the wrist to disappear for a beat or two He feels dizzy during the compres- 
sion, and he can be made unconscious at any time by pressing on the vagus 
Hands in bath at 2 33 p m , in calorimeters at 2 43%, mouth temperature 
36 5 C , pulse (sitting) 84 At 2 55 p m left hand put into water at 8 C 

Cooling of calorimeters, E , 0 07 degree in ten minutes, L, 017 degree in 
tuenty-nine minutes Volume of right hand in calorimeter 410 cc, of left hand 
394 c c The marks u ere put higher up than usual as his hands were short Tlie 
lower mark was about the middle instead of the lower border of the styloid 
process of the ulna He seemed gradually to improve and reported at his last 
■nsit to the dispensarv June 7, 1911, that he was better Pulse S4 (Sec 
Table 8 ) 

II VALVULAR LLSIOKS 

The flow in these cases ma)" be noimal or much less than normal 
depending on the degiee of compensation Since anemia may be asso- 
ciated with a valvular lesion, it may be a factor in diminishing the hand 
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of wlonineler at 3 14 

’ w 

1 ni OH 

1 

1 

( 

n 21 

'11 r ,2 

At n 24 temp h 30 4.7.7 C 


hand (bo\ (him aoiiu iiiMin)(‘H’iK\ In Dio only rate in -aliich a diagno- 
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was heated ^util digitalis Apiil 9, 1912, the blood flow in tlie hands nas 
examined Hands in bath at 2 21 p ni, in calonmeteis at 2 31 He had some 
cough during the observations Systolic blood pressure 122 Pulse 70 At 
2 47 p m left hand put into water at 42 7 C 


TABLE 9 — Calobimi TBic Measuecmems in Case of John T 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Right 

Eotes 

2 30% 


3149 


2 48 

31 385 


2 32 

3135 

3144 

24 3 

2 49 

31 385 


2 33 

31 35 

3144 


2 50 

3139 

Room 24 3 C 

2 34 

31 34 

3143 


2 51 

31 39 


2 35 

3134 

3143 

24 1 

2 52 

31 395 


2 36 

31 335 

31425 


2 53 

31 395 


2 37 

31 33d 

31 425 


2 54 

31 395 


2 38 

31 34 

31 43 


2 55 

3140 

Hand out of calorimeter 







Room 24 3 C 

2 39 

31 345 

31435 


3 11 

31 23 

At 3 11 temp L 31 225 C 

2 40 

31 35 

31435 




2 41 

3135 

31435 

24 3 




2 42 

31 36 

31 435 





2 43 

31 365 

3144 





2 44 

31 37 

31 445 





2 45 

3137 

31 45 





2 46 

3138 

31455 

24 0 




2 47 

31 38 

31 455 






Cooling of calonmeteis, R , 0 17 degiee in sixteen » minutes , L, 0 23 clegiee 
in twenty 'four minutes Volume of right hand 450 cc, of left hand 438 cc 
Water equivalent of calonmeters with contents, E, 3,455, L, 3,445 Rectal tem 
perature 37 95 C 

April 24, 1912, he was discharged ^‘improved” 

In this case the flow was only 2 09 grams per 100 c c of hand per 
minute in the right hand, and 1 67 gi ams in the left, with room tempera- 
ture 24 4 C , a flow very much too small foi his age 

In a else o± mitral stenosis, mitral and tiicuspid insufficiency in a man 
63 3'’ears old (James H ), the flow, measured on an esceedmgly hot day 
with a room temperature of neaily 31 C, was 7 31 giams per 100 cc of 
hand per minute for the right hand and 6 41 grams for the left Prohahiy 
not more than one-third to one-half of the flow to be expected in a 116311113 
young adult for that room temperature Measurements made at such 
high room tempeiatures do not lend themselves readily to compaiisons 
The examination was made on this day purposely to observe the eSeet of 
maximal vasodilatation on the flow in this case, since at two previous 
examinations the hand flow seemed to be greatly diminished by persistent 
local vasoconstriction which the patient attributed to the low temperature 
of the wards He said he had felt chilly all the time, but to-day he felt 
warm The pulse showed aihythmisf (Pig 2), partly respiratory 
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1 ig 2 — Jncings fioni Janiee- II 


< iipoigi iiif nt imd pul'-ilioii of tin Neni'- of the neck Lungs rc%calcd nothing 
hpecml on }dn«icil exntmnnluin Heart eiilnrg«d Left border of cardiac dulness 
'll the anlonor u\illai\ line in the n\th intiippace, right border 3 cm to right 
of st(riuini A )>u(-\‘to1io Ihnll followtd In impact and sj«tolic thrill palpable 
o\(r i\pi\ Li\(r jiuLatile and the lower edge palpable 8 cm below tho costal 
margin Radial piiLe in irkialh irregular and nrlnthmic with fair aolumc and 
Idi'-ion, fnirh will mst uned He was discharged May 17 impro\cd He went 
to woik hill hei.uiie ill agun and retiiiiied to the hospital Mna 28, 1013 


i MILL 10 — 1 MouiMnnu Mi \siui mints in Casf or Jamds H 
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1 

Loom 
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Left 

1 J enip 
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Loft 
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1 
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C 
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2 02 ‘ 
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2.3 1 
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31 055 
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31 01 

30 OG 


2 01 

' .11 22 

tl 1.3 
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31 03 
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23 4 
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1 )1 20 

)1 1 t 

1 23 t ' 

2 21 ■ 
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O Of^ 
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30 025 


2 10 

1 !1 13 

‘ il Ofi 1 


2 2<) 

30 00 i 

30 015 i 

2.3 5 

2 11 

' !1 1 ’3 

’ 31 033 ^ 


2 27 

30 00 ! 

30 00 : 


’ 1 ' 

' A 11 

' tl 03 

2t 2 
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30 075 ! 
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.10} 

1 
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2 1 1 
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2 ’•< 

5! 07 

to '01 
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i 

) 

1 

1 
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» 
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TEB ARGEIYEB OF INTERNAL MEDICINE 


Cooling of calorimeteis in fifty one minutes, R, 0 565 degree, L, 0 54 degree 
Volume of right hand 418 c c , of left hand 396 c c The hands do not feel cold 
to the touch on coming out of the calorimeters They are fairly red The veins 
on the back of the hand and in the forearm are large, hut fill with marked slow- 
ness on being emptied Blood-pressure, left arm, systolic 136, 63 (sound gone) 
Another observation 134, 68 There was no sensible interval between the change 
in sound and its disappearance A few of the larger beats were heard a little 
before the readings given as systolic pressure The number of waies coming 
through increased as the pressure fell 

The flow m the hands in this examination works out at only 0 80 gram 
per 100 c c per minute for the right hand, and 0 64 gram for the left, 
for the last ten minutes of immersion in the calorimeters If the whole 
period m the calorimeters is taken, the calculated flow is still less, as is 
always the case with a very small flow, the period required for the attain- 
ment of the steady state where the thermometers are changing uniformly 
being long 

A second examination on June 2, 1913, gave an even smaller cal- 
culated flow (0 40 gram per 100 c c per minute) for the last ten minutes 
in the calorimeters The temperature readmgs followed precisely the 
same course as at the first examination The question arises how such 
small flows can be reconciled with the fairly good volume of the arterial 
pulse at the wrist The explanation is found partly in the fact that the 
venous return was hindered as indicated by the appearance of the veins 
The mcrease in venous pressure while it did not hmder the conduction 
of the arterial pulse wave, apparently diminished the rate of translation 
of the blood A second factor in the small flow was apparently a per- 
sistent local vasoconstriction in the hands That this second factor was 
concerned is shown by the great improvement in the hand flow at the 
third examination, although the pulse-rate, far from being accelerated, 
was even slower than at the previous examinations 

Third examination June 16, 1913 He is feeling well, only weak No dyspnea 
and no cough whatever The day is very warm and the room temperature the 
highest in the whole series of observations The veins on his hands and arms 
fill much more quickly after being emptied than on the two previous occasions 
Amplitude of the pulse at the wrist is fair, but not strikingly greater than at 
the other examinations Pulse 57 (sitting), with some irregularity but not so 
marked as before Hands in bath at 4 06% p m , in calorimeters at 4 15%, 
and out of calorimeters at 4 27 

Cooling of calorimeters in ten minutes, R, 0 045 degree, L, 0 04 degree 
Volume of right hand in calorimeter 408 c c , of left hand 392 c c Water equiva- 
lent of calorimeters with contents, R , 3,421 , L , 3,409 Blood-pressure in left 
brachial, systolic 110, another observation 106, 80 (change in sound) Rectal 
temperature 37 G C (See Table 11 ) 

The general cutaneous vasodilatation at the third examination was 
CMdent and is doubtless related to the decidedly diminished sjstolic 
pressure The hands shared in this general vasodilatation, and it is 
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probable for this reason that tbe band flow giYes an index to tbe heart 
ontpnt Since the hand flow with practically maximal vasodilatation is 
not half that of a young adult at this room temperature, the heart output 
IS probably at most 50 per cent of that of a healthy young adult The 
three observations together show that in this man of 63 the range of 
the vasomotor adaptation of the hand blood-vessels is still considerable, 
a confirmation of his statement that the hot weather suited him 


TABLE 11 — Calobimetbic Measxjeements in Thibd Examination of James H 





Eoom 




Eoom 

Time 

Eight 

Left 

Temp 

C 

Time 

Eight 

Left 

Temp 

C 

4 16 

3145 



4 22 

31 71 

31 72 

30 9 

4 16 

31 46 

31 62 


4 23 

31765 

3176 


417 

31 49 

31 64 


4 24 

31 795 

31 83 


418 

3164 

31 68 

30 8 

4 25 

31 86 

3184 

30 9 

419 

31 58 

31 62 


4 26 

31 89 

31 87 


4 20 

31 62 

31 665 

30 9 

4 27 

31925 

31 90 


4 21 

31 67 

31 69 


437 

31 88 

31 86 



Trom the standpoint of the technic of the method it ought still to be 
mentioned that a local vasoconstriction so persistent as not to be over- 
come during the usual period of an examination (the disappearance of 
it being shown by a rathei abrupt and henceforth steady rise of the 
thermometers) is rare in hospital cases, although in hands long exposed 
to cold it may be frequently met with Where it exists the results cannot, 
of course, be used as average flows for the patient in question, although 
the intensity and persistence of the vasoconstriction may be of interest 
in relation to the patient’s condition 

In a case of badly broken compensation m a boy (Joseph Z ), 16 
years old, suflering from chronic endocarditis with aortic insufaciency 
and stenosis and mitral insufficiency, the flow in the right hand was 
6 28 grams per 100 c c per minute, and in the left hand 4 79 grams 
This IS much too small for the age of the patient and the very high room 
temperature (28 1C) He was obviously in bad condition Immersion 
of the left hand in cold water was followed by but a small diminution 
of the flow in the right, and immersion of the left hand in warm water 
by no increase at all, either because the dyspneic condition of the blood 
caused increased stimulation of the vasoconstrictors of the hand which 
the vasodilator effect of warmth to the contralateral hand could not 
overcome, or because the vasoconstrictor tone was already much dimin- 
ished under the influence of the warm room, although, owing to the 
handicap of the heart, this was not shown in a large flow Anothei 
possibility IS tliat the dyspneic condition of the blood may have rendered 
the vasomotor centers less excitable to this form of afferent stimulation 
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Joseph Z , hoy aged 16, was admitted to the dispensary Nov 11, 1910, suffer- 
ing from aortic insufficiency and stenosis with attacks of acute pulmonary edema 
He has had rheumatism for ten years He was in the hospital three weeks for 
heart trouble which started four years ago Has dyspnea and weakness His 
heart is enlarged 16 cm to the left, and 5 cm to the right of the median line 
Pulsation in the arteries of the neck Apex heat heaving Systolic impulse 
over apex A systolic thrill can be felt to the right of the sternum A double 
murmur over the apex and louder over the aortic region Pulse 95 Moderate 
tension, rather slow rise and quick fall Pistol shot in femorals Capillary 
pulse 

Nov 15, 1910, he was admitted to the hospital where he improved and after 
his discharge he remained well, keeping in bed, however, most of the time 

Feb 2, 1911 When in the dispensary he had an attack of palpitation dur- 
ing which the pulse rate rose to 160, with great throbbing in the carotids and 
general cyanosis He began to spit up pinkish frothy liquid The attack lasted 
forty-five minutes He was again admitted to the house, where the diagnosis 
of chronic endocarditis, mitral insufficiency and aortic insufficiency, was made 
He suffered from occasional attacks of tachycardia and shortness of breath The 
blood-examination showed hemoglobin 90 per cent He was discharged July 5, 
1911, “improved ” 

July 14, 1911, he had an attack in the dispensary There was great pam 
referred to the right infrascapular region He received morphin (grain Vs) nnd 
atropm sulphate (gr 1/300) hypodermically to relieve and calm him, and fifteen 
minutes later the blood flow in his hands was measured Pulse (sitting) 140 
Hands in bath at 3 01 p m, in calorimeters at 3 11% Mouth temperature 
38 15 C At 3 21 p m left hand was put into water at S C 


TABLE 12 — Calorimetbic Meastjbements in Case of Joseph Z 


i 

1 

Time 

Right 

Left 

Room 

Temp 

C j 

Time 

Right 

Notes 

3 11 

29 87 

29 905 1 

1 

3 27 

30 59 


3 12 

29 88 

29 915 


3 28 

30 60 

Pulse 132 

3 13 

29 91 

29 93 


3 29 

30 635 


3 14 

29 98 

29 97 

i 

3 30 

30 695 

At 3 30 put left hand in 







water at 43 C 

3 15 

30 07 

1 30 04 

28 1 

3 31 

30 735 


3 10 

30 13 

3010 


3 32 

30 775 

Room 28 4 C 

3 17 

30 21 

30 13 


3 33 

30 81 


3 IS 

30 22 

3015 


3 34 

30 87 


3 19 

30 27 

30 20 


3 35 

30 895 


3 20 

30 29 

30 22 


3 36 

30 93 


3 21 

30 32 

1 30 235 

1 

3 37 

i 30 975 

Room 28 3 C 

3 22 

30 34 



3 38 

31 01 

3 38 hand out calorimeter 

3 23 

30 37 

30 22 


3 38% 

1 

Temp of L 30 16 C 

3 24 1 

30 40 



3 48 

30 97 

' Pulse 120 Mouth temp 

3 25 ! 

30 49 


1 28 1 



1 38 45 C 

3 26 1 

30 54 


1 





Cooling of calorimeters, R , 0 04 C in ten minutes, L , 006 C in fifteen one 
half minutes Volume of right hand 406 cc, of left 412 cc He is right handed 
Water cquiialcnt of calorimeters with contents, R , 3,420, L, 3 425 

He attended from time to time at the dispensary feeling pretty well for 
awhile, but compensation broke dowm again and on Jfarch 3, 1913, he lind again 
to seek admission to Lakeside Hospital with the cardiac diilness enlarged to the 
left to the mid axillarv line 
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In anotliei case of aortic stenosis and insufficiency and initial insuffi- 
ciency with fan compensation at the tune of the blood-flow examination 
in a man (Matthew K ), 42 years old, the flow was 7 20 grams per 100 
cc pel minute in the light, and 5 49 grams in the left, with room 
tempeiature 23 5 C , a flow somewhat below the normal for his age and 
the external temperatuie, although by no means remarkably small He 
had no edema and no dyspnea, but he complained of pain over the heart 
and was getting weaker 

Mat K, aged 42, height 5 feet, 7 inches, weight 165 pounds, a woiker in a 
railway shop, was admitted at the dispensary Dec 2, 1910, suffering from aortic 
stenosis and insufficiency and mitral insufficiency His illness began two months 
before and he has been getting worse ever since He feels chilly at times His 
weakness is increasing each day and he has had to give up work He suffeis 
from pain over the heart, palpitation and inability to sleep Theie is a probable 
histoiy of rheumatic fever seven years ago The left border of the cardiac dul- 
ness IS 121/^ cm to the left of the mid-sternal line, the right border 4 cm to the 
right of it, upper border at third rib No capillary pulse, no edema, uiine normal 

The blood-flow in the hands was measured Jan 24, 1911 He has no short- 
ness of breath The systolic blood pressure is 170 Mouth temperatuie 36 6 C , 
pulse (sitting) 80 Hands in bath at 3 16 p m , in calorimeters at 3 27, 
out of caloruneteis at 3 42 There was 3,050 c c of water in each calorimeter 
Boom temperatuie 22 0 C before the observations were begun 


TABLE 13 — CxLORntETPR Measurements in Case of Mat K 





Boom 




Boom 

Time 

Bight 

Left 

Temp 

c 

Time 

! 

Eight 

Left 

1 Temp 

c 

3 26 

29 42 

29 19 


3 37 

29 73 

29 43 


3 28 

29 40 

29 18 


3 38 

29 78 

29 46 1 


3 29 

29 42 

29 18 


3 39 

29 82 

29 48 


3 30 

29 44 

29 20 


3 40 

29 86 

29 51 


3 31 

29 47 

29 21 


3 41 

29 90 

29 54 


3 83 

29 54 

29 29 


3 42 

29 96 

29 58 

23 1 

3 84 

29 60 

29 33 


3 59 

29 76 

29 42 


3 85 

29 64 

29 37 1 


4 04 

29 70 

29 37 


3 36 

29 70 

29 40 







Cooling of calorimeters in twenty-two minutes, B, 0 26 degree, L, 0 21 degree 
Volume of light hand in calorimetei 440 c c , of left 435 c c He is light handed 
He continued to come to the dispensary On Eeb 2, 1911, he complained of 
pain over the piecordia and down the shoulder and arm His last visit was on 
April 2, 1913, when his condition was not essentially alteied 

lu cl Ccise of mitral and tricuspid insufficiGucy (P B ) with venous 
engorgement, edema of the ankles and fluid in the peritoneal cavity, a 
perfectly good flow was seen m the hands (12 80 grams per 100 c c per 
minute foi the right and 13 46 grams for the left, with room temperature 
25 5 C ) A fail reflex vasoconstriction was obtained by the application 
of cold to the contialateral hand, but the application of warmth failed 
to increase the flow even to the initial level, owing no doubt to the fact 
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that the vessels were already so much dilated Theie was no dyspnea 
durmg the experiment, and the drivmg powei of the heart with its 
obviously powerful stroke was adequate to maintain a normal flow 
through the periphery The vasomotor centers seem to have retained 
their normal excitability The cord, therefore, in spite of the venous 
engorgement, was not sutfermg appreciably at the time 

P B , section hand on a railway aged 31, height 5 feet, 11 inches, was admitted 
to the dispensary May 12, 1911, with mitral and tricuspid insufficiency He has 
been ill for eighteen or nineteen months, during which time he has been unable 
to work He had acute articular rheumatism nineteen months before admission, 
had swollen feet, enlargement of the abdomen and palpitation of the heart and 
was in bed six weeks The left border of the cardiac dulness is at the mid- 
axillary line There is a large diffuse area of cardiac pulsation visible (positive 
systolic) and the framework of the chest undulates with each beat Positive 
venous pulsation in both jugulars Liver much enlarged with marked systolic 
pulsation There is venous engorgement, edema of the ankles and fluid in the 
peritoneal cavity 

The blood-flow in the hands was measured May 12, 1912 There was no 
dyspnea during the examination Pulse (sitting) 100 Mouth temperature 36 9 C 
Hands put into hath at 2 29 p m , into calorimeters at 2 39 At 2 50 p m left 
hand put into water at 8 C 

TABLE 14 — Calorimeteic Measurements in Case oe P B 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Eight 

Notes 

2 38 

30 21 

3011 


2 57 

31 67 


2 40 

30 28 

30 19 


2 58 

31 71 


2 41 

30 375 

30 28 


2 59 

31 77 


2 42 

30 48 

30 40 


3 00 

31 82 

Room 25 7 C 

2 43 

30 59 

30 495 


3 01 

31 875 

At 3 01 put left hand m 







water at 43 1 C 

2 44 

30 68 

30 61 

25 5 

3 02 

3191 


2 45 

30 79 

30 71 


3 03 

31 97 


2 46 

30 88 

30 80 


3 04 

32 02 

Room 25 5 C 

2 47 

30 97 

30 875 


3 05 

32 085 


2 48 

31 06 

30 96 


3 06 

32 135 


2 49 

31 14 

31 06 

25 6 

3 07 

32 195 


2 50 

31 23 

31 16 


3 08 

32 26 


2 51 

31295 



3 09 

32 32 


2 52 

31 345 



3 10 

32 38 

3 10 hand out calorimeter 

2 53 

31305 



3 10% 


Temp of L is non 30 98 







Room 25 7 C 

2 54 

31475 



3 22% 

32 25 


2 55 

31 545 


25 8 

3 23% 


Temp L is now 30 88 C 

2 5G 

31 605 







Cooling of calorimeters, E , 0 13 degree in twelve one half minutes, L, 0 28 
degree in thirty two minutes Volume of right hand 610 c c , of left hand 480 c c 
He entered Lakeside Hospital August 21, 1911 He had then neither cyanosis 
nor edema, but there was still fluid in the abdomen The apparent incongruitv 
between the distention of the abdomen, the pulsation of the liier and the great 
comfort of the patient was remarked Heart dulness extends on the right to 7 cm 
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from tlie mid-sternal line in the third interspace, on the left to the anterior 
axillary line in the sixth interspace The blood examination showed 90 per 
cent hemoglobin He again entered Lakeside Hospital Nov 2, 1911, and was dis- 
charged “improved” Feb 20, 1912 

The large flow in P B contrasts with the small flow in Joseph Z, 
in whom the delivery of blood to the systemic vessels was seriously 
interfered with by the insufficiency of the aortic valve 

In Ernest M, another case of mitral insufficiency with chronic 
bronchitis, in a boy 14 years old, the flow was also good (12 74 grams per 
100 e c per minute for the right hand and 12 45 grams for the left 
hand, with room temperature 23 4 C ) Compensation was so far 
established that he was able to come to the dispensary and had no dyspnea 
during the examination 

Ernest M , boy, aged 14, height 5 feet, 1% inches, was admitted at the dis- 
pensary Jan 26, 1911, suffering from mitral insufficiency with chronic bron- 
chitis The fingers of both hands show well marked clubbing He has had a 
cough ever since he was two years old He still has the cough and is getting 
thinner His arms are thin for his age He gives a history of heart trouble 
He has never been very strong and is not well enough to go to school His appe- 
tite IS good Up to the present time there has never been any blood in the 
sputum, but on Feb 7, 1911, he stated that since his last visit he spat some 
blood The sputum examination was always negative as regards tubercle bacilli 

The hand flow was measured Jan 26, 1911 Mouth temperature 38 2 C Hectal 
temperature 38 5 C Hands in bath at 2 56 p m , in calorimeters at 3 07, and 
out of calorimeters at 3 23 There was 3,150 cc of water in each calorimeter 
Pulse (sitting) 116 The weather was mild with ram Room 23 4 C 


TABLE 15 — CAroBiMETRic Measueements in Case of Ernest M 


Time 

Right 

Left 

Room 

Temp 

Time 

Right 

1 

Left 

Room 

Temp 




C 



C 


3 06 

29 71 

29 68 

3 17 

mm 

3010 

j 


29 73 

29 68 

3 18 


: 30 16 

: 23 4 

3 10 

29 77 1 

29 72 

3 20 


30 27 


3 12 

'29 89 1 

29 82 

3 21 

30 40 

30 33 


3 13 

29 96 

29 89 

3 22 

30 45 

30 39 


3 14 

30 00 

29 93 

3 23 ! 

30 50 

30 42 

23 1 

3 15 

30 06 

29 99 

3 42 

30 30 1 

30 27 

22 7 

3 16 

3012 

30 05 






Cooling of calorimeters in nineteen minutes, E , 0 20 degree, L , 0 15 degree 
L was on the side of the room next to the radiator, though at a good distance 
from it A small centrifuge had been started at 3 23 at the side of the room 
nearest to R The difference in the rate of cooling of the calorimeters, which 
is decidedly greater than usual, may be thus accounted for Volume of rmht hand 
255 c c , of left 240 c c “ 

In anotlier boy (Piank C ), 17 years old, with mitral stenosis and 
msufficienc}^ the flow was also quite normal in amount (11 25 grams for 
tlie right and 11 58 grams foi the left hand, with room temperature 22 4 
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G ) Compensation was faiily established The piotoeol has alieady 
been published ^ Latei he was admitted several times to Lakeside Hos- 
pital suffering fiom broken compensation and was discharged for the 
last time on March 4, 1912 He afterward died 

One of the most interesting cases was that of Albert H, since the 
heait undeiwent rapid deterioiation ivithin the period of the obsei rations 
and the patient died soon after the last examination, when an autopsy 
was obtained The patient was a man 31 years of age with a clinical 
diagnosis of mitral and tricuspid insuJBSciency, confirmed by the autopsy, 
which in addition showed peiicarditis with large effusion into the peii- 
cardial sac There was no doubt that the myocardium had suffered 
The patient suffered much from dyspnea if he attempted to lie down 
The flow in the right hand was 4, 08 grams per 100 c c per minute, and 
in the left 4 64 grams, with room temperature 24 7 C , a distmctly sub- 
normal flow Reflex vasoconstriction of the hand was easy to obtain on 
immersiom of the contralateral hand m cold water, but no reflex vaso- 
dilatation could be obtained, which agreed well with the obviously poor 
filling of the vessels of the hand Ten days later he was again examined 
The abdomen was now full of liquid, the legs and feet greatly swollen, 
the heart-sounds weak and the pulse at the wrists so weak that the 
heart-iate was counted with the stethoscope The hands also had 
mcreased in size The blood-flow in the hands was very small and what 
was considered significant at the time, less than half its amount at the 
last exammation (2 0 grams for the right and 1 88 grams for the left) 
This was for a period of seven minutes, beginning fifteen mmutes after 
insertion of the hands in the calorimeters Por the first fifteen mmutes 
the flow was still le^s The patient said he felt bettei, but the great 
eeline in the blood-flow was lemarked as an ominous sjonptom He died 
in the hospital ten days after the last examination 

Albert H, colored hotel porter, aged 31, was admitted to the City Hospital 
complaining of dyspnea, cough and swelling of the extremities 
^ cnmatism three Meeks befoie admission and the legs were verv painful 
le e ema and dyspnea began one week before admission He has grown worse, 
coiig IS mos of the time and is aerj’ tired on any exertion The physical signs 
fj T pleural canty are present Heait dulness, upper border 

nr ri , right border parasternal line, left border midwaj between nipple and 
an erior axiPary line The rate of the heart is rapid, the sounds feeble There 
IS a so mitral sjstolic murmur with reduplication of the second sound Radial 
pu se small and easily compressible No fibrosis Great edema of scrotum and 
prepuce, and edema of lower extremities Albumin in urine April 5 and April 7 
le < vspnea and edema were less, the mitral mui mur not so pronounced, the 
pulse soft and not well sustained April 9, on which day the hand flow was first 
measured, the signs of an increase in the fluid in the right pleural cavity were 
prcj^cnt The heart boundaries were the same as before and the edema was still 
considerable Scicn hundred and fifty cc of liquid was aspirated from the right 
thorax before the blood flow examination His maximum temperature on April 
3 was 100 G r It rose gradually till April 9 when it reached 104 5 P The 
ajstohe blood pressure on April 5 was 152, April 7, ICO, April 9, ICO 
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Hands in bath at 1 09 p m, in calorimeters at 1 19 Mouth temperature 
37 8 C At 1 31 p m left hand put into water at 7 9 C 

TABLE 16 — Caloriiietkic jMtASUBEiiEXTS IX Case of Albert H 


Time 

Right 

Left 

Room 

Temp 

C 

Time 

Right 

Rotes 

1 18 

30 82 

30 78 


1 35 

31 13 


1 20 

30 81 

30 75 


1 36 

i 31 14 


1 21 

30 84 

1 30 76 

1 24 6 

1 1 37 

31 16 

Room 24 7 C 

1 22 

30 87 

30 79 


1 39 

31 19 


1 23 

30 89 

30 82 


1 40 

31 195 

At 1 40 left hand put in 







water at 43 C 

1 24 

30 90 

30 85 

24 9 

1 41 

3121 i 


1 25 

30 96 

30 90 


1 42 

31 22 i 

Room 24 8 C 

1 26 

31 03 

30 96 


1 43 

3123 


1 27 

31 07 

3100 

j 

1 44 

31 245 


1 28 

31 08 

31 02 

24 6 

1 45 

31 26 


1 29 

31 085 

3104 


1 46 

3128 


1 30 

31 095 

3107 


1 47 

31 295 


1 31 

31 09 

31 09 


1 48 

31 305 


1 32 

31 10 



1 49 ' 

31 325 


1 33 

31 105 


24 5 

1 50 

31 33 

1 50 hand out caloiinietei 

1 34 

31 115 



1 59 

31 23 

Temp of L is 30 81 C 







at 1 59 


Cooling of calorimeters, R, 0 10 degree in nine minutes, L, 0 28 degree in 
twenty-eight minutes Volume of right hand 447 c c , of left hand 450 c c He 
says he does most of his work left handed Water equivalent of calorimeters 
with contents, R, 3,452, L, 3,455 Pulse (lying down) 120 Rectal temper- 
ature 39 1 C 

April 10 his maximum temperature was 103 8 R , April 14, 103 3 E 
April 17, “the dulness in the right thorax begins as high as the fifth rib pos- 
teriorly Heart boundary is the same” Systolic blood-pressure April 16, 130, 
April 18, 140, April 19, 130 

Second examination of the hand flow, April 19, 1912 The abdomen now con- 
tains much liquid The legs and feet are greatly swollen and he cannot sleep 
because he is unable to he down on account of dyspnea The heart sounds are 
weak and the pulse at the wrist barely discernible He says he feels better than 
before the tapping on April 9, but he seems -worse than when examined after 
the tapping on that date The arms and hands, according to his statement, are 
not swollen, but simply fat and there is no pitting Yet measurement of the 
volume of the hands demonstrates an increase in their size, although the edema 
IS not great enough to be detected by pitting He has no fever now 

Hands in bath at 1 58 p m , in calorimeters at 2 09 p m , and out of calo- 
rimeters at 2 45 At 2 35 the right hand was put into water at 42 7 C 

Cooling of calorimeters, R , 0 295 degree in twenty-eight and one-half minutes 
L , 0 17 degree in eighteen and one half minutes Pulse 102 (counted with stetho- 
scope) Rectal temperature 37 75 C It was noticed that he now has piles He 
never had them before Volume of right hand in calorimeter 475 c e , of left hand 
505 cc Water equivalent of calorimeters with contents, R, 3 475, L 3 499 
(See Table 17 ) ^ ’ 

April 26, 1912, edema -vias general in the legs, arms and face Maximum 
temperature 102 4 F Be died April 29 Results of necropsy Pericarditis, 600 c c 
fluid in the pericardial sac Mitral valve, edges thickened, insufficient Tri- 
cuspid vahe, insufficient One thousand c c fluid in the abdomen Chronic pas- 
su e congestion of the liver, spleen and kidneys 
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A^rhether the mere mechaiiieal effect of the liquid in the pericardial 
sac eontiibuted to the small flow in Albert H at the second examination 
cannot of course be determined, although it is likely enough that this 
was a factor in addition to the weakening of the myocardium and the 
insufficiency of the valves However, if the clinical diagnosis m the next 
case (Koman B ) he accepted, liquid may he present in considerable 
amount in the pericardial sac without reducing the hand flow very 
markedly This patient was a man aged 22, in whom the diagnosis of 
mitral insufficiency and pericardial effusion was made Blood-flow 
measurements in the hands were obtained on three occasions, the first 
on May 29, 1912, when the heart dulness was much diminished and the 


TABLE 17 — Caz-obimetbic Measueements in Second Examination of 

Aijjert H 


Time 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Eight 

Left 

Eoom 

Temp 

C 

2 08 

29 81 

29 72 


2 28 

29 66 

29 59 


2 10 

29 74 

29 67 


2 29 

29 675 

29 61 


211 

29 72 

29 65 

22 7 

2 30" 

29 686 

29 62 


2 12 

29 705 

29 635 


2 31 

29 68 

29 61 


213 

29 695 

29 625 


2 32 

29 69 

29 625 


214 

29 69 

29 62 


2 33 

29 095 

29 63 


2 15 

29 68 

29 61 


2 34 

29 70 

29 63 


216 

29 67 

29 GO 

22 5 

2 35 

29 705 

29 835 


2 17 

29 665 

29 595 


2 36 


29 63 


218 

29 65 

29 58 


2 37 



23 5 

219 

29 64 

29 575 


2 38 


29 835 


2 20 

29 635 

29 565 

22 0 

2 39 


29 645 


2 21 

29 63 

29 56 


2 40 




2 22 

29 625 

29 555 


2 41 


29 656 


2 23 

29 62 

29 55 


2 42 


29 855 


2 24 

29 62 

29 55 


2 43 


29 66 


2 25 

29 63 

29 56 


2 44 


29 665 


2 26 

29 64 

29 57 

22 7 

2 45 


29 67 


2 27 

29 65 

29 58 


3 03% 

29 41 

29 49 



* Hei e tlie bringing in of the warm water attracted Ins attention In excit- 
able patients tins may cause a change in the flow 


suelling of the legs present on admission had disappeared The flow 
came out 7 61 grams per 100 cc per minute in the right hand and 
10 59 grams in the left hand, with room temperature 22 C He seemed 
fairl 3 ^ comfortable and had no dyspnea On May 31, when the weather 
was V aimer, the room temperature being 26 3 0 , the flow was 8 76 grams 
for the right hand and 11 05 grams for the left The average for the two 
hands is normal, or nearly so, and greater of course at the second exam- 
ination, in accordance with the increased room temperature He left 
the hospital and after working in a foundry for two days, his legs became 
‘wollen and he had to return to the hospital on June 11 with the same 
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symptoms of broken compensation winch he had at first, dyspnea, cough, 
greatly increased area of cardiac dnlness and the edema alieady men- 
tioned On June 13 his hand fiow was again examined, and came out 
only 5 52 grams per 100 cc per minute for the right hand and 8 74 
grams for the left, with room temperature 21 8 C , a considerable smaller 
flow than at the first examination, although the external temperature 
was practically the same The flow, then, concomitantly with the 
caidiac breakdown, has been decidedly diminished The marked mequal- 
ity in the flow in the two hands persists throughout, although the relative 
difierence is greater at the third than at the other tivo examinations No 
local difference in the hands or arms could be discovered to account for 
the difference in the flows It is possible that it is connected with intra- 
thoracic changes not taken account of in the diagnosis The question of 
differences of flow in the two hands associated with unilateral changes in 
the lungs and pleurae will be taken up in a future paper 

Homan B , a laborer, aged 22, -was admitted to tbe City Hospital May 17, 
1912 He had rheumatism for the first time three years before admission He 
has a typical caidiorenal facies He seems fairly comfortable, \vith no dyspnea 
The heait presents a pear-shaped area of dulness, left border in the mid-axillary 
line, right border one to three fingers’ breadth to the right of the mid-sternal 
line, making an obtuse cardiohepatic angle The cardiac dulness is increased 
when he leans forward There is a loud systolic murmur at the apex The 
second sound in the pulmonic area is split The sounds are distant Pulse 
regular in rliytlim, of fair volume, rather lapid rise, and well sustained Liver 
three fingers’ bieadth below costal margin, hard, sharp edge, not tender Edema 
of legs Urine negative 


TABLE 18 — CALOBiiiEVRic Measurements in Case of Homan B 


lime 

Eight 

Left 

Room 

Temp 

C 

Time 

Eight 

Left 

Room 

Temp 

0 

3 21 

3103 

3105 

214 

3 32 

31 52 

31 68 


3 23 

3108 

3109 


3 33 

3156 

3174 

22 2 

3 24 

31 12 

31 15 

215 

3 34 

31 58 

31 77 


3 25 

31 19 

31 23 


3 35 

31 60 

31 825 

22 6 

3 26 

31 23 

31 315 


3 36 

31 64 

31 89 


3 27 

31 28 

31 36 


3 37 

31 68 

3194 

22 8 

3 28 

31 30 

31 42 


3 38 

31705 

3198 


3 29 

31 36 

3147 

21 0 

3 39 

31 735 

32 025 

22 5 

3 30 

3142 

3156 


3 52 

31555 



3 31 

31 48 

1 

31 64 

215 

3 521/S 


3183 



Cooling of calorimeters, H , 0 18 degree in thirteen minutes, L, 0 195 degree 
in thirteen one half minutes Volume of right hand 454 c c of left hand 439 c c 
He IS right handed Water equivalent of calorimeters and contents, R, 3,458, 
L, 3,44G Pulse (sitting) 96 Rectal temperature 37 95 C 

May 26, 1912, left cardiac border 3ust outside the nipple line Right border 
one finger s breadth outside of sternal margin Cardio hepatic angle less obtuse 
Liver one finger’s breadtli below costal border Heart sounds louder and more 
distinct 
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May 29, 1912, the flow in his hands was measured Hands in bath at 3 12 
p m , in calorimeters at 3 21%, and out of calorimeters at 3 39 Mouth temper- 
ature 37 25 C 

Second e-samination May 31, 1912 He says his right ankle pains him now 
It was painful three years ago when he had rheumatism for the first time Hands 
in batli at 1 51 p m, in calorimeters at 2 01%, and out of calorimeters at 2 20 
The weather was considerably warmer than at the last examination 


TABLE 19 — Calobimeteic Measueements at Second Examination or 

IIOMA.N B 





Room 




Room 

Time 

Eight 

Left 

Temp 

Time 

Eight 

Left 

Temp 



C 




C 

2 01 

3104 

31 03 

26 2 

212 

31 52 

3165 

26 2 

2 03 

31 04 

31 06 


213 

3157 

31 71 


2 04 

3108 

31 125 

26 3 

214 

31 61 

31 77 

26 3 

2 05 

31 125 

31 17 


215 

31 67 

3185 


2 06 

31 20 

31 25 

26 4 

216 

31 72 

31025 

26 3 

2 07 

31 27 

31 34 


2 17 

3176 

3197 


2 08 

31 32 

3142 

26 4 

218 

31795 

32 025 

26 2 

2 09 

31 38 

31 48 


219 

3183 

32 08 


2 10 

31 42 

31 54 

26 3 

2 20 

31 88 

32 13 

26 2 

2 11 

3148 

31 60 


2 32 

3176 

32 02 



Cooling of calorimeters in twelve minutes, K, 012 degree, L, Oil degree 
Volume of right hand 451 c c , of left hand 445 c c Water equivalent of calo 
rimeters with contents, K, 3,456, L, 3,451 Pulse (sitting) 87 Bectal tem 
peiature, 37 65 degrees 

June 12, 1912, he was readmitted to the hospital, complaining of precordial 
pain, dyspnea, and cough The right leg pains him more than before Lips 
cjanosed Finger tips bluish Edema in legs There is a diffuse vave during 
systole not prominent in any one region Limits of cardiac dulness ucie as 
follows 


Interspace 

Supine Posture 
Distance in Cm from Mid- 
sternal Line 

Sitting Posture 
Distance in Cm from Mid 
sternal Line 

Eight Border 

I Left Border 

Right Border 

Left Bordei 

G 

1 

9 5 1 

16 

12 

17 5 

5 

80 

15 

! 96 

15 5 

4 

65 

10 

6 

110 

3 

40 

7 




Ausculation, with moderate pressure of stethoscope, rough systolic murmur 
at apc\ Pulmonic second accentuated and split Aortic second, veak With 
pressure of stethoscope a soft blowing murmur is heard at apex during diastole 
Tlie sounds are reduced in intensity Free fluid in abdomen 

June 13, 1912, third examination of the hand flow Hands in bath at 
1 5S%' p m , in calorimeters at 2 09%, and out of calorimotors at 2 25 
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TABLE 20 — Calobimeter Measurements in Third Examination oe 

Roman B 





Room 




Room 

Time 

Right 

Left 

Temp 

C 

Time 

Right 

Left 

Temp 

c 

2 09 

31 145 


214 

2 20 

31 345 

3147 

22 0 

2 11 

31 13 



2 21 

31 37 

31 51 


2 12 

31 14 



2 22 

31 385 

31 545 


2 13 

31 165 

31 13 

218 

2 23 

31 395 

31 59 

22 1 

2 14 

31 18 

31 17 


2 24 

31405 

31 625 


2 15 

31 20 

31 225 

219 

2 25 

31 415 

31 635 


2 16 

31 22 

3126 


2 34 

31 28 

31 51 


2 17 

31 26 

31 325 

22 0 





218 

3129 

31 375 






2 19 

31 315 

8142 







Cooling of calorimeters m nine minutes, E, 0 135 degree, L, 0125 degree 
Volume of right hand 451 c c , of left 443 c c Rectal temperature 37 3 C Water 
equivalent of caloi imeters with contents, R , 3,456 , L , 3,449 

In a case (Eobert T ) diagnosed as pure aortic stenosis with peifcct 
compensation in a man, aged 22 years, the average flow in the hands was 
at least equal to normal (10 45 grams per 100 cc per minute for the 
right hand and 13 97 giams for the left, with room temperature 20 3 C ) 
He entered the hospital not for his heart condition, but for surgical 
treatment t 

Robert T , a lailroad worker 22 years old, was admitted to the City Hospital 
Jan 23, 1913, for surgical tratment (crushed toes on left foot) He had typhoid 
foul teen years ago, also rheumatism in the neck for several weeks when a child 
Denies venereal diseases Eor four years after typhoid had shortness of breath 
and still gets short of hieath if he has to hurry up, especially if he changes the 

TABLE 21 — Calorimetric Measurements in Case of Robert T 





Room 




Room 

Time 


Left 

Temp 

Time 

Right 

Left 

Room 




C 



C 

2 52 

31 22 

31 13 


3 00 

31 38 

31 42 

20 3 

2 53 

31 19 

31 10 


3 01 

31 42 

31 48 


2 54 

31205 

31 12 

20 1 

3 02 

31 47 

31 54 

20 4 

2 55 

31 215 

31 15 

20 1 

3 03 

31 515 

31 59 

2 56 

31 23 

31 18 


3 04 

31 56 

31 65 


2 67 

31 27 

31 24 

20 2 

3 05 

31 595 

31 71 

20 4 

2 58 

31 30 

3129 

20 3 

3 06 

31 64 

31 77 

2 59 

31 35 

3136 


3 27 

31 28 

31 41 



mannei of his work, hut not when he has become accustomed to a job and can 
work steadily without spurts He is well developed and well-nourished, no 
cj anosis Boundaries of cardiac dulness one and a half finger’s breadth to left 
of nipple line, right sternal border, third interspace A blowing systolic murmur 
IS heard over the entire area, but best in the aortic area where it is exceedingly 
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loud From time to time the murmur disappears for one beat, the ape\ heat 
becomes weak and the radial pulse vanishes, the murmur corresponding to the 
next beat being very loud, and the apev beat very strong The radial sphygmogram 
IS the typical trace of aortic stenosis, with flat top and sloping up stroke The 
heart is slow The radial pulse shows fair volume, but to appreciate this the 
artery must be in a particular position as the tension is low and the arm fat 
The physical examination reveals nothing abnormal elsewhere The flow in the 
hands were measured Jan 31, 1913 Hands in bath at 2 41% p m , in calor 
imeters at 2 52%, and out of calorimeters at 3 06 He sat during the -whole 
examination with the in3ured left foot lying on a stool, the left leg horizontal 
and the right foot down (Table 21 ) 

Cooling of calorimeters in twenty one minutes, 0 36 degree foi E and L Vol- 
ume of right hand 458 c c , of left 452 c c He is mostly right handed, he says 
Water equivalent of calorimeters with contents, E, 3,461, L, 3,456 Blood 
pressure, left arm, systolic 105 (palpation), 103 (stethoscope), 91 (sound sharply 
diminished), 87 (sound gone) Eectal temperature 36 6 C 

The last cases to be described are two of mitral stenosis and msuffi- 
ciency^ one with good (Mary S ) and the other with only slightly broken 
compensation (Frank W ) at the time of the examination In the first 
case, a woman 26 years old, the flow works out at 15 74 grams per 100 
c e per minute for the right hand and 14 26 grams for the left Even 
taking into account the relatively high room temperature (26 7 0 ) and 
the youth of the patient, these flows are, if anything, above the normal 
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Fig 3 — ^Tracings from Mary S 

When the blood-flow in the hands is not below the normal we are usually 
justified in assuming that the output of the ventricles is not less than 
normal The large flow in this patient agrees well with the obviously 
exaggerated force of the ventricular stroke, and the absence of venous 
engorgement, of edema and of cyanosis It confirms the conclusion that 
the increased respiratory rate at the time of the exammation is a nervous 
affair not depending on deficient exchange in the lungs Specimens of 
potygiaph tracings are given in Figure 3 The a wave is prominent 

Sirs ^Hry S , married v Oman, aged 26, a Hebrew, was admitted to the City 
Hospital Maj 29, 1913, complaining of pain in the chest, -neakncss and short- 
ness of breath Se\en months before admission she had an attack of acute 
articular rheumatism and during tins attack she began to have pain in her breast 
Since then there ha\e been several short periods during which she got short 
of breath There seems, however, to be a strong neurotic element in the case, 
and she does not look particularly ill nor does she show any marked dyspnea 
Slic IS fat and ell nourished No cyanosis, and little, if any, edema of the legs 
No venous engorgement, no pulsation in the neck The thorax is resonant 
throughout The breathing everj-whorc vesicular The apex beat is in the fifth 
interspace below the nipple, upper border of cardiac dulness in third inter- 
space, right border, at right sternal margin, left border two finger's breadth 
Out Auscultation showed the signs of mitral stenosis and insufiiciency Tlio 
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latlier rapid breathing appears to depend largely on nervous excitement It is 
certainly not associated with any signs of deficient oxygen intake The lips are 
red and she is even more comfortable lying down with her head on a single 
pillow than sitting up 

The blood-flow in the hands was estimated June 13, 1913 The day was rather 
warm (external temperature about 80 F) Hands in bath at 2 28 p m , in calo- 
rimeters at 2 40 and out of calorimeters at 2 52 Mouth temperature (two 
observations) 36 6 C Pulse (sitting) 84 


TABLE 22 — GALOEmExaic Measueements in Case of Maby S 


Tune 

Right 

Left 

Room 

Temp 

0 

i 

Time 

1 

1 

Right 

Left 

Temp 

Room 

C. 

2 39 

1 

31 51 

3152 


2 47 

3186 

1 

3181 

1 

26 7 

2 41 1 

31 55 

31 57 

26 4 

2 48 ‘ 

31 90 

31 84 


2 42 

31 60 1 

31 60 


2 49 j 

31 93 

31 87 

26 8 

2 43 

31 66 I 

31 64 


2 50 1 

31 97 

31 90 


2 44 

3171 

31 68 

26 5 

2 51 ! 

32 01 

31 94 


2 45 

31 76 

31 73 


2 52 j 

32 06 

3199 

26 8 

2 48 

3180 1 

3176 


3 07 ! 

31 89 

31 83 

1 



Cooling of caloiimeters in fifteen minutes, R, 017 degree, L, 016 degree 
Volume of right hand 280 cc, of left 259 cc She is right-handed Blood- 
pressure, left arm, systolic 114, 95 (second phase), 82 (fourth phase), which 
IV as with practically no turthei fall m the pressure succeeded by the fifth phase 
(cessation of sound)-- Water equivalent of calorimeters with contents, R, 3,319, 
L, 3,302 

The last case is that of Frank W , a man 34 years old, with mitral 
stenosis and insufficiency with somewhat broken compensation, which was 
rapidly restored Three examinations of the hand flow were made The 
first on the day of admission, before any treatment had been given, showed 
a flow of 15 20 grams per 100 e c per minute for the right hand and 
15 29 grams for the left, with the unusually high room temperature of 
30 9 C At the second examination, three days later, when the patient’s 
clinical condition had improved, the flows were 11 95 grams for the right 
and 11 55 grams for the left hand, with the lower but still high room 
temperature of 28 5 C The third examination, made six days after the 
second, with a room temperature (30 8 C ) the same as that during the 
first examination, showed a flow in the right hand of 11 44 grams per 
100 c c per minute, and a flow in the left of 11 20 grams The patient 
was feelmg well The re-estahlishment of compensation in this case was 
associated, then, with a dimmntion in the hand flow of 25 per cent This 
diminution in the hand flow coincided with a reduction in the pulse-rate, 
quietei action of the heart and an improvement of the patient’s clinical 
condition It must be noted that the loss of compensation when the 
patient was admitted was not great, that his heart is permanently large 
and that there aie no signs that the myocardium is, as yet, greatly 
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impaired The irregularity of the heart noted in the protocol is associated 
with prematme auricular beats (Pig 4) This condition is not included 
among the graver cardiac irregularities by those who have specially 
studied the clinical disorders of the mechanism of the heart beat Loss 
of cardiac, or to speak more accurately, of cardiovascular compensation 
as expressed in an abnormal distribution of the blood, need not be always 
associated with a diminished flow through the periphery Doubtless the 
abnormal distribution of the blood, resultmg in engorgement of the 
venous side of the vascular system and a rise of venous pressure, is harm- 
ful, and IS going eventually to cripple the machine Yet it is not diflScult 
to see that for a while the rate of the blood-flow through a part like a 
hand, far from being diminished, may be increased provided the driving 
power of the left ventricle, the aortic valves being intact, does not fail 
Por the rise of venous and therefore of capillary pressure may, up to a 
certain point, by increasing the caliber of the small vessels, favor the flow 
of blood In order that this may result in increased flow through the 
pait it IS obvious that the aiterial pressure must also be increased so that 



Fig 4 — Tracings from Frank W The left hand portion of the figure shous 
simultaneous tracings from the lugular bulb (upper trace) and the radial artery 
(lower tiace) In the right hand portion of the figure simultaneous tracings 
from the ape-v (the large elevations) and the radial are given 

a sufiicient slope may be maintained And as a matter of fact, in Prank 
W, both the systolic and diastolic pressures in the biaehial were 
materially higher at the first than at the second and third examinations 
Corroborative evidence for the conclusion that some loss of compensation 
when the myocardium is not seriously affected is not incompatible for 
a time with a fully normal hand flow, is found in the observations on 
Mary S and P B , already referred to 

Frank W, an electrician aged 34, vas admitted Feb 9, 1912, to Lakeside 
Hospital He says he never had rheumatism His illness began six weeks before 
admission with pain all over, especially in the lumbar region and then in the 
epigastrium In about a week shortness of breath came on and palpitation, of 
the heart and he became blue in the face A few days before admission edema 
vas observed in the lower eyelids and the feet Tlie physical examination showed 
distended jugular leins with a systolic pulse Heart Apex beat in anterior axil* 
lary line in fifth interspace Here there is a systolic impulse and thrill followed 
bv a diastolic impact A si stolic impulse oi er the conus arteriosus Left border 
of cardiac diilncss is beyond the anterior axillari line, 18 cm from the mid 
sternal line, and the right border 9 cm to right of midslcmal line The 
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auscultaloiy signs aie those of initial stenosis and insufficiency The pulse is 
iiiegulai and arhvthmic Systolic blood-pressuie 145, diastolic 108 Systolic 
pulsation of the livei Liver dulness extends to umbilicus in right nipple line 
Some edema of lower part of the back Legs and feet edematous When depend- 
ent, hands and feet aie cyanotic No clubbing of fingers After a few days’ rest 
the most prominent muimur became the piesystolic lumble, heard best at the 
evtieme apex, and indistinct elsewheie The systolic sound was followed by 
a short blowing murmui, heard best to right of apex The size and shape of 
the heart did not change materially The edema rapidly disappeared On March 
6 the patient walked out of the hospital feeling well and with good cardiac 
compensation The pulse rate which was 160 on admission gradually fell, and 
varied from 70 to 80 at the time of dischaige The minimum was 58 He broke 
down again aftei a time and was admitted to the City Hospital with the same 
svmptoms and physical signs and was dischaiged improved He was readmitted 
June 16, 1913 He worked for three days before he came in but was losing 
appetite and becoming short of breath Some edema of the feet and ankles, but 
not a great deal Slight cyanosis and dyspnea only on exertion The point of 
the nose is red The boundaries of the cardiac dulness are practically the same 
as those given in the physical examination at Lakeside Hospital Pulsation in 
the neck veins 

The hand flow was measured June 16, 1913, a few hours after his admission 
and befoie he had had any drug treatment The day was very warm Pulse 
(sitting) 72, irregular Hands in bath at 3 11% p m , in calorimeters at 3 22%, 
and out of caloiimeters at 3 33 

TABLE 23 — Calobuietric Measurements in Case oe Frank W 





Eoom 


1 


Eoom 

Time 

Eight 

Left 

Temp 

C 

Time 

Eight 

1 

1 

Left 

Temp 

C 

1 

1 

3 22 

m 



3 29 

1 32 09 

32 08 


3 23 



30 7 * 

3 30 

32 18 

32 17 


3 24 


31 64 

i 

3 31 

32 27 i 

32 255 


3 25 

3172 ' 

31 72 

30 8 ' 

3 32 

32 355 

32 34 

31 0 

3 26 

31 82 

31 82 


3 33 

32 44 

32 43 


3 27 

31 90 

31 90 

30 9 

3 49 

32 37 

32 36 


3 28 

31 995 

31 99 
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Cooling of caloiimeters in sixteen minutes, 0 07 degrees 

Volume of light hand in calonmeter 456 cc, of left hand 452 cc Water 
equivalent of calonmeter and contents, E, 3,460, L, 3,456 Blood-pressure in 
loft biachial 133 (systolic), 103 (change in sound) Another observation 133 
(systolic) , 133 (change in sound) The pulse was slow and the sound diminished 
\ery lapidly to extinction aftei the change was heard Eectal temperature 
37 55 G 

Second examination June 19, 1913 He says he feels better He has been 
lecening digitalis There is no edema of the ankles, no dyspnea, no distention 
of the neck veins, no ledness of the nose The day was hot, but not so hot as 
that of the first examination Hands in bath at 1 55 p m , in calorimeters at 
2 10%, and out of caloiimeters at 2 24 

Cooling of calorimeters in twenty-three minutes, E , 0 18 degree, L , 0 16 
degree Eadial pulse (sitting) 51 Volume of right hand in calorimeter 450 cc, 
of left 439 cc Water equivalent of calorimeters with contents, E, 3,455,’ 
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L, 3446 Rectal tempeiature 37 76 C Blood pressure left arm, systolic 104, 
84 (change in sound) , the sound disappeared very soon aftei this reading" 
Another observation, systolic 108, 88 (change in sound followed almost at once 
by its complete disappearance) Pulse (sitting) 60, counted with stethoscope 
over apes beat There is still arhythmia On holding his breath the heart 
rate suddenly increased considerably 


TABLE 23 — CAiOKiMErKic Measuremekts on Second Examination of 

Fbank W 


1 

Time 

1 

Eight 

Left 

Room 

Temp 

C 

1 

Time 

1 

Right 

! 

Left 

1 

1 

Room 

Temp 

C 

210 

31 56 

■9 


2 18 

32 09 

32 02 

28 3 

2 11 ' 

3161 



219 

32 165 

32 08 


2 12 

31 685 1 


28 7 1 

2 20 

32 215 

32 135 

28 4 

2 13 

31 76 

31 68 I 


2 21 

32 295 

32 20 


2 14 

3183 

31 745 

28 6 

2 22 

32 33 

32 255 

28 4 

215 

31 895 

31 82 

1 

2 23 

32 39 

32 305 


2 16 

3197 

31 89 

i 28 6 

2 24 

32 405 

32 36 


2 17 

32 02 

31 955 

1 

! 

2 47 

32 285 

32 20 



Third examination, June 26, 1913 He feels well Appetite fair, but does 
not sleep well Since last examination the pulse rate has varied between 60 and 72 
The respiratory rate has rarely exceeded 20 The temperature has not exceeded 
98 4 F The day was very hot, about the same as the day of the first exami- 
nation He says his heart thumps much less than when he first came in although 
it gives an occasional thump Hands in bath at 1 53 p m , in calorimeters at 
2 04%, and out of calorimeters at 2 19 


TABLE 24 — Calorimetbic Measurements on Third Examination of 

Frank W 


Time 

Right 

Left 

i 

Room 
Temp ] 
C j 

Time 

Eight 

Left 

Room 

Temp 

C 

2 04 

3177 ' 

31 73 


213 

32 32 

32 26 

30 85 

2 05 1 

3178 

31 74 1 


214 

32 39 

32 33 


2 06 

3183 


30 6 

215 

32 44 ' 

32 38 



31 89 

! 31 85 


2 16 

32 50 

32 44 

30 86 


I 31975 

31935 


2 17 

, 32 565 

32 49 



1 32 04 

1 31 995 

j 30 8 

2 18 

1 32 62 

1 32 565 

30 85 

2 10 

32 12 

32 06 

30 85 

i 2 19 

32 70 

32 03 

1 

2 11 

32 19 

32 14 


2 35 

32 62 

32 555 


2 12 

1 32 26 

32 20 







Cooling of calorimeters in sixteen minutes, E , 0 08 degree, L, 0 075 degree 
Volume of right hand m calorimeter 443 c c , of left 432 c c Water 
cqunalcnt of calorimeters with contents, B 3,449, L, 3,440 Blood-pressure, 
left arm, svstolic 104, 82 (change of sound followed ■very soon by its dis 
appearance) Another observation Systolic 109, 86 (change of sound) Pulse 
(sitting) GO, counted with stethoscope over apex Bespiration (sitting) 18 
Bcotal temperature 38 0 C 
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SUMMASY 

1 The smallest flows observed in the series of cases dealt with in 
this paper have been associated with marked irregularity of the heart, 
indicating involvement of the mechanism of the heart beat In some of 
these cases the cardiac irregularity was associated with valvular lesions, 
but m those with the very poorest hand flows there was no evidence that 
the valves were involved 

2 Three cases were diagnosed as auricular fibrillation, all associated 
with mitral stenosis (and insufficiency) While the flow in all was below 
the normal it was decidedly greater in one of the patients than in the 
othei two, although he was much the oldest of the three This corre- 
sponded well with his clmical condition, which was good at the time of 
the examination, better than that of the other two patients The ventricle 
in spite of its irregular action was on the whole beating fairly strongly, 
and was obviously delivering on the average of its beats, a fair amount 
of blood to the periphery 

3 In a case of mitral stenosis and insufficiency and tricuspid 
insufficiency, in which the heart showed marked arhythmia in part 
associated with the lespiration (sinus arhythmia) the hand flow was 
also much below the normal 

Abnormally small flows were seen in a number of cases diagnosed 
as myocarditis with regular action of the heart, but feeble heart sounds 
not accompanied by murmurs 

5 In some cases diagnosed as myocarditis without valvular lesion, 
in which a serious clinical condition had previously existed, very fair 
hand flows, not much inferior to the normal, were found when the clinical 
condition had markedly improved 

6 In several cases of mitral insufficiency with good compensation 
and no signs of impairment of the myocardium, the hand flow was found 
to be quite up to the normal amount In one case of mitral stenosis and 
insufficiency the flow appeared to be even somewhat greater than normal 
as if the big, well-compensated heart were discharging more than the 
usual quantity of blood 

7 In a case of mitral insufficiency with broken compensation, venous 
engoigement and edema, but no dyspnea or cyanosis, the hand flow was 
quite up to normal In another case with the same lesions where there 
was little edema, no shortness of breath except on exertion, and none at 
the time of examination, the flow was also little if at all inferior to the 
normal flow, and the re-establishment of compensation was associated 
with an actual moderate diminution in the hand flow 

8 In a case of mitral insufficiency with physical signs of pericardial 
eSusion a flow not much inferior to the normal was found after the 
patient had been some time in the hospital and had regained compensa- 
tion. and when the heait dulness had decidedly diminished When the 
patient, two days aftei leaving the hospital, broke down again and 



TABLE 25 — ^Data Conoeening 


Temperature (C ) of 



Calorimeters 

Room 

Art ' 



Blood 

Eight 

Left 


26 0 

37 1 

29 92 

29 93 

25 1 


30 16 


26 1 


30 38 


23 0 

37 16 

30 93 

30 93 

23 8 

36 3 

3144 

3133 

22 2 

36 25 

29 69 

29 62 

22 6 



29 76 

22 7 



29 78 

22 7 



29 83 

24 0 

36 86 

3176 

3175 

24 5 

36 45 

30 17 

30 14 

24 3 


30 60 


24 3 


30 79 


26 6 

36 6 

30 63 

30 43 

26 8 


30 80 


26 8 


31 12 


26 7 


3146 

31 44 

24 4 

37 45 

3136 

24 3 


3139 

30 92 

23 4 

36 1 

31 00 

30 9 

37 1 

31 69 

31 74 

28 1 

38 3 

30 10 

30 10 

28 2 


30 51 


28 3 


30 85 

29 40 

22 8 

36 6 

29 72 

25 6 

36 9 

30 76 

30 68 

25 8 


31 55 


25 5 


32 13 

3007 

23 4 

38 0 

30 14 

22 4 

37 3 

30 19 

30 10 

24 7 

38 6 

30 95 

30 92 

22 6 

37 2 

29 65 

29 58 

23 8 



29 66 

22 0 

37 45 

31 41 

31 52 

26 3 

37 15 

31 46 

31 60 

21 8 

36 8 

31 28 

31 36 

20 3 

36 1 

31 44 

31 48 

26 7 

36 6 

31 81 

31 78 

30 9 

37 05 

32 00 

31 99 

28 6 

37 25 

32 04 

31 95 

30 85 

37 5 

32 24 

32 19 


Case 

Age 

Date 

Pulse- 

Rate 

Blood- 

Pressure 

Jacob W 


5/ 1/11 

100 

V 

190, (110) 

James M 

60 

6/27/12 

87 

152, 72 

N P 

27 

5/12/13 

70 

95 

Jacob S 

44 

4/25/11 

104 


T F K 

57 

5/19/13 

120 

112, 68 

Peter B 

59 

4/21/11 

80 


Peter B 


5/17/11 

84 


John T 

28 

4/ 9/12 

100 

122 

James H 

63 

5/29/13 

70 

134, 68 



6/16/13 

67 

110, (80) 

Joseph Z 

16 

7/14/11 

140 


Mat K 

42 

1/24/11 

80 

170 

P B 

31 

5/12/11 

100 


E U 

14 

1/26/11 

116 


Frank C 

17 

12/19/10 

116 


Albert H 

31 

4/ 9/12 

120 

160 

Albert H 


4/19/12 

102 

130 

Albert H 





Roman B 

22 

6/29/12 

96 


Roman B 


5/31/12 

87 


Roman B 


6/13/12 



Robert T 

22 

1/31/13 

70 

103, (91), 87 

Mary S 

26 

6/13/13 

84 

114 

Frank W 

34 

0/16/13 

72 

133,(108) 

Frank 


6/19/13 

60 

106, (86) 

Frank V' 


6/25/13 

60 

100, (84) 


Volume of 
Hands in c c 


Right 

1 

Left 

i 

508 

486 

368 

356 

298 

276 

390 

378 

444 

458 

360 

320 

410t 

1 

394t 

450 

438 

418 

396 

408 

392 

406 

412 

440 

435 

610 

480 

255 

240 

275 1 

260 

447 

450 

475 

505 

454 

439 

451 

445 

451 

443 

458 

452 

280 

259 

450 

452 

450 

439 

443 

i 

432 


* Good compensation 

t As hiB hands ■were short the marks ■were p'ut higher 'up on the wrists tlnn at the prc% lou 
t Badly broken compensation The results on Stephen F , Mrs A and J S W are sum 














lOD Flow in authoe’s Cases 


leat Given Ofif in 
Gram-Calories 

Blood-Flow in 
Gm Per Mm 

Flow Per 100 
cc of Hand 

Per Mm 

Notes 

ght 

Left 

In 

Mms 

Right 

Left 

Right 

Left 

050 

801 

13 

12 50 

9 55 

2 46 

196 

Myocarditis 

226 


10 

19 62 


3 86 


Left hand in water at 42 9 C 

805 


mm 

19 03 


3 75 


Left hand m water at 11 5 C 

366 

270 

19 

7 32 

4 82 

199 

135 

Senile heart Arhythmia 

283 

216 

III 

5 88 

4 39 

197 

159 

Auricular fibrillation 

546 

238 

msm 

7 69 

3 63 

197 

0 96 

Anricular fibi illation 


170 

6 


5 82 


154 

Right hand in water at 43 3 C 


340 

4 


14 59 


3 86 

Right hand m water at 43 3 C 


340 

5 


1176 


3 11 

Right hand dried and wrapped 

,138 

1,336 

9 

27 60 

32 34 

6 21 

7 06 

Auricular fibrillation * 

,180 

980 

9 

23 19 

19 17 

6 44 

5 99 

Myocarditis 

,636 


10 

30 51 


8 47 


Left hand m water at 42 9 C 

913 


mm 

25 62 


7 12 


Left hand in water at 8 C 

2,156 

1,605 


40 81 

29 38 

9 95 

7 46 


924 


5 

36 03 


8 79 


Five min 3 nBt preceding vasomotor test 

i,643 


10 

33 93 


8 28 


Left hand m water at 8 C 

1,130 


9 

27 69 


6 76 


Left hand m water at 43 C 

516 

396 

10 

9 41 

7 32 

2 09 

167 

Mitral insufficiency $ 

362 


8 

8 29 


1 84 


Left hand m water at 42 7 

164 

119 

10 

3 35 

2 56 

0 80 

0 64 

Mitral stenosis, insufficiency, tricusp 








insufficiency, arhythmia. 

1,454 

1,214 

10 

29 86 

25 16 

7 31 

6 41 


1,605 

1,166 

8 

26 50 

19 76 

6 28 

4 79 

Aortic insufficiency and stenosis J 

1,402 


9 

22 22 


5 47 


Left hand m water at 8 C 

1,197 



22 31 


6 49 


Left hand in water at 43 C 

2,169 

1,704 

11 

31 70 

23 90 

7 20 

6 49 

Aortic insufficiency and stenosis 

3,608 

3,618 

10 

66 29 

64 63 

12 80 

13 46 

Mitral and tricusp insufficiency 

2,627 


11 

49 60 


9 72 


Left hand m water at 8 C 

2,102 


9 

64 40 


10 67 


Left hand m water at 43 1 C 

2,988 

2,772 

13 

32 49 

29 88 

12 74 

12 45 

Mitral insufficiency 

2,378 

2,331 

12 

30 96 

29 97 

11 25 

11 58 

Mitral stenosis and insufficiency 

1,380 

1,655 

11 

18 22 

20 45 

4 08 

4 54 

Mitral and tricusp insufficiency t 

452 

455 

7 

9 50 

9 48 

2 00 

188 



472 

mm 


6 94 


1 37 

Right hand in water at 42 7 C 

3,008 

3,970 

16 

34 58 

46 49 

7 61 

10 59 

Mitral msuff with pericardial effusion 

3,440 

4,176 

17 

39 6 

49 18 

8 76 

1105 


1,610 

2,466 

13 

24 92 

38 74 

6 52 

8 74' 


2 007 

2,626 


47 85 

63 15 

10 45 

13 97 

Aortic stenosis 

2,091 

1,763 

11 

44 09 

36 94 

15 74 

14 26 

Mitral stenosis and insufficiency 

3 152 

3,148 


69 35 

69 11 

16 20 

15 29 

Mitral stenosis and insufficiency 

3,280 

3,146 

13 

63 80 

60 73 

1195 

11 65 

3 369 

3,237 

14 

60 68 

48 38 

1144 

1120 



examination 

maiized in a pievious paper (Heart, 1911, iii, 84) 
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returned with some dyspnea, cough and swellmg of the legs, the hand 
flow was found distmctly below its previous value 

9 In two cases of mitral insufficiency with badly broken compensa- 
tion, with venous engorgement, edema, cyanosis and dyspnea, the hand 
flow was much below the normal In one of these eases a striking 
diminution occurred a few days before death 

10 In a case of apparently pure aortic stenosis with perfect com- 
pensation, the hand flow was normal m amount 

11 In a ease of aortic stenosis and insufficiency, with mitral insuffi- 
ciency, while there were no signs of broken compensation, the hand flow 
was somewhat below the normal 

12 In a case of aoitic msufficieney and stenosis, with badly broken 
compensation (great dyspnea, pulmonary edema), the hand flow was 
greatly diminished 

While it IS obvious that some of the groups of cases are much better 
represented in the observations than others, as is easily understood, since 
they had to be collected as chance offered, certam general conclusions 
which, although of course at present only provisional, are yet entitled to 
some weight, seem to emerge with sufficient clearness It is scarcely 
neeessaiy to say that in some points these conclusions simply confirm 
what IS found by palpation of the radial pulse But it is by no means 
true that even the qualitative lesult of the blood-flow measurement can 
always be predicted from feeling the pulse 

CONCLUSIONS 

1 The hand flow is more apt to be markedly deficient in cases in 
which there is evidence of serious impairment of the myocardium, or 
more comprehensively and probably more accurately, of the mechanisms 
on which the force and rhytlim of the heart’s action depend, even when 
valvular lesions are absent, than m cases in which gross valvular lesions 
exist while the heart’s action is stiong and orderly This holds even 
when in valvular diseases clinical signs of loss of compensation are 
present In aortic insufficiency the hand flow appeals to be less easily 
maintained at the normal level and more readily to fall below it when 
compensation is lost than in mitral msufficiencj'^ 

2 Even where there is considerable venous engorgement in cardiac 
cases the flow in the hands may be little if at all diminished, provided 
that the myocardium is not impaired TlTien m a case of broken com- 
pensation the flow in the hand remains good the reestablishment of 
compensation ma)^ be associated with a moderate decline 

3 'V\nien in a caidiac case with broken compensation the hand flow i' 
normal or not much diminished, the indication is that the myocardium 
has not as vet suffered seiious impairment A decided diminution in 
the course of the case may be sigiificant of impending failure of the 
myocardium 



A STUDY OD THE BLOOD-PEBSSUEB IH CHILDEEH 
SHOWING OETHOSTATIC ALBUMINUEIA 

MURRAY H BASS, MD, and H WESSLER, MD 

NEW YOKK 

In a previous communication^ we have reported our findings in an 
examination of the size, shape and rate of the heart in a senes of children 
showing orthostatic albummuria The results of this exammation 
revealed certain abnoimalities in cardiac function and in the configura- 
tion of the heart, as seen with the fiuoroscope As has been previously 
pointed out, many children who are the subjects of orthostatic albumin- 
uria reveal clinically signs and symptoms of vasomotor instability which 
naturally lead one to inquire into the condition of the blood-pressure 
We have, therefore, made blood-pressure determinations on a number of 
these children previously examined in regard to their hearts, and here 
wish briefly to leport our findings 

Systolic and diastolic pressures were determmed by the auscultatory 
method introduced by Koiotkow, the stethoscope being held over the 
brachial artery at the elbow The instrument used was the one devised 
by Bendick,^ the eufl, the same as the one used with the J aneway man- 
ometer, being 13 c c m width Bor the determination of diastolic pres- 
sure, that point was taken at which the sound heard over the artery 
suddenly becomes fainter This so-called fourth phase has been shown to 
correspond moie accurately to the true diastolic pressure than the point 
at which all sound disappears ® That the readings by the auscultatory 
method correspond well uuth those taken by older but more complicated 
methods has been pioved,^ but owing to its comparatively recent intro- 
duction, it has been but little used in determinations on children A 
short senes of blood-pressure readings taken by the auscultatory method 
has been quite recently published by E Mueller but we have used as 
controls figures which we ourselves obtained in readings taken on a series 
of normal healthy boys ranging in ages fiom 10 to 16 years, whom we 
weie enabled to examine through the kindness of Dr L B Eosenthal, 
to whom we here wish to express our indebtedness 

* From the Cluldren’s Department of Mount Sinai Hospital Dispensary 

* Submitted for publication August 2, 1913 

1 Bass and Wessler Heart Size and Heart Function in Children Showing 
Orthostatic Albuminuria, The Architcs Int Med , 1913, si, 403 

2 Bendick A J Jour Am Med Assn, 1911, Ivi, 1873 

3 Warfield, L W The Archives Int Med , 1912, x, 258 

4 Warfield, L W Interstate Med Jour, 1912, xiv, 856, also Goodman, 
E 11, and Hon ell A A Umv Penn Med Bull, 1910-11, xxiii 469 

5 Mueller E Ztschr f Kinderh 1913 \ii, Hos 3-4 
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Owing to the dependence of the albuminuria on the posture of the 
individual, the blood-pressure readings were taken both in the recumbent 
and in the upright positions, and as a further test of vasomotoi com- 
petency readings were taken after a shoit period of exercise 

The points to be considered then are the following 

1 Do the blood-pressures (systolic, diastolic and pulse-pressures) of 
children showmg orthostatic albuminuna diffei in any way from those 
of normal children^ 

2 Wliat IS the effect of change of posture, recumbent or upright, on 
systolic, diastolic and pulse-pressure and how do these changes compare 
with those occurring in the normal child ^ 

3 What IS the effect of a short period of exercise (stair-climbing) 
on the blood-pressures ? 

4 Is it possible to correlate in any way the findings in the shape, size 
or rate of the heart before and after exercise with the blood-pressure 
reactions ^ 

BLOOD-PRESSURE IN THE UPRIGHT POSTURE 

Before proceeding to a consideration of our results, it may be well to 
review briefly the mam findings of others in the examination of blood- 
pressures in normal children In general, it may be said that both 
systolic and diastolic pressure increase gradually according to the age of 
the child The height and weight of the individual, however, are factors 
of impoitance, for in two children of the same age the taller or heavier 
one will usually be found to have the higher pressure (Wolfensohn- 
Kriss") Pressure also appears to be affected by the general h 5 ^gienic 
surroundings, for EmineP found it higher in children living under good 
conditions than in those dwelling in poor surroundings Sex does not 
appear to influence the pressure in children All authors are agreed that 
children show considerable variations in pressure, the same child giving 
different readings on different days though apparently under identical 
conditions Salle® found as great a variation as 18 mm of mercury, but 
others (Oppenheimer and BaucliAyitz”) assert that 10 mm should be 
consideied the normal limit of variation, while Mueller found a daily 
1 ai lation of only 2 to 5 mm Salle further points out that high readings 
fiequently result from nervousness on the part of the children during 
exammation 

In comparing the results obtained by us in children showing ortho 
static albummuria with those obtained in noimal children, we have con 
sidered it best to use as controls children of corresponding heights ratliei 

G tVolfcnsolin Kriss, P Arch f Kinderh , 1910, liii, p 332 

7 Kminct P P Arch f Kinderh , 1907, \lvi, 328 

5 Sille, V Jnhrh f Kinderh , 1011, Kxm, 273 

0 Oppenheimer nnd Bauclivit? Arch f Kinderh, 1905 \]ii, 415 



M H BASS—E WESSLER 


41 


than those of coi responding ages In Table 1 are tabnlated the systolic 
diastolic and pulse-piessures of twen-fy-six children showing orthostatic 
albuminnriaj and in parallel colnmns the figures for normal children of 
the same height The figures for the controls of this series were obtained 
from the literature and were lecorded by means of the palpatory method 
This accounts for the fact that the figures for the diastolic pressures in 
the albuminurics seem abnormally low As a result of this the pulse- 


TABLE 1 — Blood-Pbessuees in Cases of Obthostatic Albuminueia with 

NOEilAL CONTEOLS FOE THE COBBESPONDINQ HeIGHTHS 


Orthostatic Albuminurics 
Blood-Pressure 

Normal Controls*’ 
Blood-Pressure 

Case 

No 

Height 

cm 

Systolic 

Diastolic 

Pulse- 

Pressure 

Systolic 

Diastolic 

Pulse- 
Pi essure 

1 

BH 

125 

65 

60 

80 95 

■■I 

10 25 

2 

MEM 

103 

85 

18 

85-115 


5-35 

3 


110 

85 

25 

80-110 

BwSiSuH 

5 35 

4 

117 

80 

60 

20 

80- 95 

70- 90 

10 25 

5 

121 

112 

80 

32 

80-110 

75-100 

5-35 

6 

115 

105 

60 

45 

80- 95 

70- 90 

10 25 

7 

112 

98 

55 

43 

80- 95 

70- 90 

10 25 

8 

132 

112 

65 

47 

85-115 

80-105 

5-35 

9 

126 

105 

65 

40 

80 110 

75-100 

5-35 

10 

126 

92 

75 

17 

80-110 

75 100 

5-35 

11 

129 

85 

70 

15 

80-110 

75-100 

5 35 

12 

131 

110 

65 

45 

85-115 

80-105 

5 35 

13 

142 

103 

70 

33 

80 125 

75-115 

5-50 

14 

130 

95 

70 

25 

85-115 

80-105 

5-35 

15 

130 

130 

75 

55 

85-115 

80 105 

5-35 

16 

133 

120 

75 

45 

85-115 

80 105 

5 35 

17 

135 

95 

70 

25 

85-115 

80-105 

5 35 

18 

131 

105 

90 

15 

85-115 

80-105 

5 35 

19 

137 

110 

65 

45 

85-115 

80-105 

5 35 

20 

128 

117 

87 

30 

80 110 

75-100 

5 35 

21 

157 

110 

85 

35 

85-120 

85-110 

5 35 

22 

155 

107 

75 

32 

85 120 

85-110 

5 35 

23 

136 

90 

75 

15 

85-115 

80-105 

5-35 

24 

140 

110 

60 

50 

80-125 

75 115 

5-50 

25 

151 

120 

90 

30 

85 120 

85-110 

5-35 

26 

145 

130 

95 

35 

80 125 

75-115 

5 50 


* Ihese figures aie from the literature and are obtained by the oscillatory and 
palpatory methods 


pressures of these children are considerably greater than those of the 
controls That this is merely the result of a different method of obtain- 
ing the leadings will be apparent when Tables 2 and 3 are considered, 
where the pressures in both the albuminuiics and control children were 
taken by the same (auscultatory) method 

I. he systolic pressures in eighteen of the twenty-six albuminurics fall 
u ithin the vaiiations found in health Eight of the cases, however, show 
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an increased systolic pressure, varying fiom 2 to 30 mm of mercuiy 
above the upper limit of the normal figures A careful leexamination of 
these eight children, however, failed to show that they differed in any 
way from the remainder, either in respect to subjective symptoms or in 
the configuration and size of their hearts As we pointed out in the 
previous paper before referred to, we are fairly sure that we have ruled 
out any cases of nephritis, and therefore do not believe that the increased 
systolic pressure is due to such disease 

Pulse-pressuie vanes all the way from 15 to 60, the average being 33 
A comparison between pulse-pressure and pulse-rate did not show any 
evidently constant relationship 

We may, therefore, say that our results of pressure readings taken 
in the upright posture approximate closely to the figures for normal 
children We may also add that though the appearance of some of the 
children — their loss of vasomotor tone, as evidenced by cold, clammy 
skin, cyanotic hands and their generally visceroptotic habitus — would 
lead one to expect a subnormal blood-pressure, in not a single instance 
did we find this to be the case 

The few figures for similar examinations to be found in the literature 
correspond with the results above stated Matthes,^® who exammed 
twenty-one boys 14 to 17 years of age, all of whom showed ‘^^albuminuria 
of puberty,’’ found normal systolic pressures Salle,® in a very large 
number of blood-piessuie determinations on various types of childien, 
states that the few who were subject to orthostatic albuminuria did not 
differ in any way from the healthy ones Finally, Fisclil’^’- is also 
inclined to deny any great variation from the normal in the blood- 
pressures of childien showing orthostatic albuminuria, though as he 
suggests, his readings being a little below the normal, this may be looked 
on as an evidence of vasomotor instability 

BLOOD-PHESSUUE ON CHANGE OF POSITION 

In di awing conclusions from the behavior of the blood-pressure con- 
sequent on change of position from the recumbent to the upright or vice 
versa, it should be lemembered that different results aie obtained when 
the readings aie made immediately after such change, than when some 
time lias been peimitted to elapse after the change of position With this 
in mind, oui readings were not made until an interval of five minutes 
had elapsed to allow the circulation to adjust itself to the altered static 
conditions 

In Table 2 are recorded the blood-pressures in both the upright and 
the recumbent positions A comparison of the figures shows that the 

10 JIatthcs, M Deutscli Arch f klin jMcd, 1904 05, lvQ.n, G05 

11 ri=chl, R Arcli f Kindorli , 1909, lii, 201 
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following changes have occurred On standing up the systolic pressure 
fell in fifteen cases (average 5 mm ) , rose in six cases (average 4 
mm ) , remained unchanged in five The diastolic pressure under the 
same conditions fell in eleven cases (average 7 mm ) ^ rose in ten cases 
(average 8 5 mm ) , remained unchanged in five cases The pulse- 
pressure fell in twenty-two cases (average 9 mm ) , rose in two cases 
(average 9 mm ), and remained unchanged m two eases 


IBLE 2 — ^Blood-Peessxjbks in Oethostatio Albuminubios in the Eeoumbent and Upeight 

Positions 


Systolic 

Diastolic 

Pulse-Pressure 

lase 

No 

Lying 

Down 

Standing 

Difference 

Lying 

Down 

Standing 

Difference 

Lying 

Down 

i 

Standing 

Difference 

1 

140 

125 

—16 

75 

65 

—10 

65 

60 

— 5 

2 

103 

103 

0 

85 

85 

0 

18 

18 

0 

3 

105 

110 

5 

75 

85 

-pio 

30 

25 

— 5 

4 

90 

80 

—10 

65 

60 

— 5 

25 

20 

— 5 

5 

110 

112 

+ 2 

85 

80 

— 5 

25 

32 

+ 7 

6 

120 

105 

—15 

70 

60 

—10 

50 

45 

— 5 

7 

92 

98 

+ 6 

60 

55 

— 5 

32 

43 

+ 11 

8 

116 

112 

— 3 

65 

65 

0 

55 

47 

— 8 

9 

103 

105 

+ 2 

60 

65 

+ 5 

43 

40 

— 3 

10 

98 

92 

— 6 

70 

75 

-f 5 

28 

17 

—11 

11 

98 

85 

—13 

70 

70 

0 

28 

15 

—13 

12 

110 

110 

0 

65 

65 

0 

45 

45 

0 

13 

98 

103 

+ 8 

58 

70 

4-12 

40 

33 

— 7 

14 

116 

95 

—20 

86 

70 

—15 

30 

25 

— 5 

15 

140 

130 

—10 

75 

75 

0 

65 

55 

—10 

16 

120 

120 

0 

80 

75 

— 5 

40 

46 

+ 5 

17 

110 

96 

—16 

75 

70 

— 5 

35 

25 

—10 

18 

115 

105 

—10 

86 

90 

+ 5 

30 

15 

—15 

19 

105 

110 

+ 5 

55 

65 

-flO 

50 

45 

— 5 

20 

140 

117 

—23 

100 

87 

—13 

40 

30 

—10 

21 

130 

110 

—20 

70 

85 

-flS 

60 

25 

—35 

22 

123 

107 

—13 

80 

75 

— 5 

43 

32 

—11 

23 

100 

90 

—10 

77 

76 

— 2 

23 

15 

— 8 

24 

112 

110 

— 2 

55 

60 

+ 5 

67 

50 

_ 7 

25 

120 

120 

0 

82 

90 

-h 8 

38 

30 

— 8 

26 

130 

130 

0 

85 

95 

+10 

45 

35 

—10 


It will be seen that in our cases of orthostatic albuminuria there is 
no constant change in systolic or diastolic pressures on change of posi- 
tion The pulse-pressure on the other hand with few exceptions was 
smaller in the upright position 

Tor a critical consideration of these results it will be necessary to 
infoiin ourselves of the data in relation to this subject which are available 
in the liteiature TInfoitunately, these disclo‘=e no unanimity of opinion, 
but are rather replete with contradictions Undoubtedly some of these 
discrepancies are dependent on the method of blood-pressure determine- 
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tion used by individual investigators This applies especially to diastolic 
pressures, -which, when determined by the oscillatory method as has been 
heretofore the case, are subject to mde variation and make deductions 
based on them of doubtful value 

jPriedman’-^ found that in the eiect posture the systolic pressure falls 
A similar statement occurs in the reports of Shapiro^® and Langowoy 
With this, Hensen,^® however, is not in accord, as he frequently failed 
to note such a change in pressure on standing WaldvogeP® consideis a 
drop in systolic pressure on rising as a normal reaction -withm certain 
quantitative limits When such a drop of pressure exceeds 10 mm of 
mercury it is considered by him pathologic Birtch and Inman^'^ conclude 
that in healthy adults not in active training, the systolic pressure is 
slightly lower in the upright position, the diastolic pressure at the same 
time IS slightly raised with the result that the pulse-pressure is smaller 
than in the recumbent position Dietlen’^® regards a slight systolic fall 
on using as a normal change, a slight rise, however, not being necessaiily 
pathologic In twenty-five normal persons he found that on change of 
postuie in 22 per cent the systolic pressure was unchanged, in 22 pei 
cent it was higher in the upright position, in 56 per cent it was lower 
in the upright position The diastolic pressure was usually increased, 
on an average 10 5 mm when the upright posture was assumed John,^® 
in fifty-two cases, found the pulse-piessuie on standing smaller in forty- 
nine and larger in three cases Quite recently Baracli and Marks®® have 
reported a series of cases in winch pressure leadings were taken on a 
large number of subjects both in the horizontal and in the upright 
positions, the experimenters attempting at the same time to elimmate 
the eiror caused by muscular exertion in changing from one posture to 
the other, by placing the subject on a movable platform capable of being 
tilted either verticall}" oi liorizontally From their findings these authors 
diaw the following conclusions 

V\^hen tlie element of muscular effort lias been eliminated change of bodily 
postuie from the erect to the horizontal -will cause an increase in the maximum 
pi essure, a decrease in the minimum pressure and an increase in the pulse pres- 
suie After file minutes in the horizontal posture ivhen the subject is retilted 
to the elect posture the maximum pressure mil dimmish, the minimum pressure 
increase and the pulse pressure diminish It mil be noted that in both instances 
the pulse pressure folloM s the same trend as the maximum pressure 

12 Fnedman Wien med Jahrb , 1882 (Quoted by Dietlen ) 

13 Shapiro Wratsch, 1881 (Quoted by Dietlen ) 

14 Langowoj Deutsch Arch f Klin Med, 1900, IxMii, 268 

15 Hensen Deutsch Arch f klin Med, 1900, lx\ii, 430 

16 Wald\ogel Munchen med Wchnschr , 1908, 1^0 32 

17 Birtch and Inman Jour Am Med Assn , 1912, No 4, 265 

18 Dietlen, H Deutsch Arch f klin Med , 1909, xcvii 

19 John M Deutscli Arch f klin Med , 1908, xciii 

20 Barach J H , and Marks, W L Ancrt Ixt Med, 1913, xi No 5, 485 
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Xearly all tlie subjects of this senes lespond in the same way The most notable 
exception was in the “poor muscular cases ” These showed a tendency to reversal 
of the pressure curve Trom the erect to the horizontal caused in more than 
half the eases a decrease of the maximum pressure and an increase in the mini- 
mum pressure 

"We may, with certain restrictions^ extract the following conclusions 
fiom these data 

1 On change of posture, systolic pressure may rise or fall to a slight 
degree 

2 In the upright posture diastolic pressure is slightly higher than in 
the recumbent 

3 Pulse-pressure is smaller in the upright posture 

Usmg the Korotkow method, we have taken pressure readmgs of 
twenty-two healthy boys between the ages of 10 and 14 years The 
results of this examination may be seen m Table 3 and may be summar- 
ized as follows 

TABLE 3 — Influence of Change of Postuee on Blood-Pbessubes of Nobmal Contbol 

Chhdben Readings by the Auscxhtatoey [Method 


Systolic 

Diastolic 

Pulse-Pressure 

Case 

No 

Lying 

Down 

Standing 

Difference 

Lying 

Down 

Standing 

Difference 

Lying 

Down 

Standing 

Difference 

1 

117 

120 

-{- 3 

87 

80 

— 7 

30 

40 

+10 

2 

105 

102 

— 3 

77 

78 

-f 1 

28 

24 

— 4 

3 

112 

110 

— 2 

80 

75 

— 5 

32 

35 

+ 3 

4 

100 

112 

+12 

55 

55 

0 

45 

57 

+12 

5 

138 

140 

-h 2 

90 

90 

0 

48 

50 

+ 2 

6 

135 

130 

— 5 

80 

70 

—10 

55 

60 

+ 5 

7 

123 

123 

0 

73 

73 

0 

50 

50 

0 

8 

130 

120 

—10 

85 

ID 

—10 

45 

45 

0 

9 

165 

175 

-fio 

115 

110 

— 5 

50 

65 

+15 

10 

140 

130 

-10 

120 

95 

—25 

20 

35 

+ 15 

11 

110 

112 

4- 2 

82 

90 


28 

22 

— 6 

12 

120 

130 

-fio 

60 

75 

-fl5 

60 

55 

— 5 

13 

140 

125 

— 15 

75 

87 

+ 12 

65 

38 

— 27 

14 

112 

120 

+ 8 

75 

77 

+ 2 

37 

43 

+ 6 

15 

115 

125 

-fio 

60 

70 

+10 

55 

55 

0 

IG 

140 

135 

— 5 

50 

62 

+12 

90 

73 

— 17 

17 

145 

145 

0 

60 

75 

+15 

85 

70 


18 

125 

117 

— 8 

82 

90 

+ 8 

43 

27 

— 16 

19 

142 

145 

-f 3 

95 

85 

+ 10 

47 

60 

-4-13 

20 

120 

115 

— 5 

85 

90 

+ 5 

35 

25 

~ AO 

10 

21 

162 

142 

—20 

100 

100 

0 

62 

42 

9n 

22 

130 

125 

— 5 

85 

80 

— 5 

45 

45 

0 


In the upright position Systolic pressure is lower in eleven cases 
(average 8 mm Hg) , is higher in ten cases (average 6 5 mm Hg) , is 
unchanged in two cases Diastolic pressure is lower m eight cases 
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(average 11 mm Hg) ^ is higher in eleven eases (average 10 mm Hg) , is 
unchanged in four cases Pulse-pressure is smallei in nine cases (average 
34 mm Hg) , is larger in eight cases (average 9 mm Hg) , is unchanged 
in four case 

Fiom these figures it will be seen that in these noimal eluldren 
change of posture resulted in no constant change of the sj^stolic diastolic 
or pulse-pressures Any of these factors may vary in either direction 

If it IS assumed for purposes of argument that in orthostatic albumin- 
uria there is some abnoimality in the ciiculation, an assumption that is 
fieely made by most investigators of this condition, one is not unnatui- 
ally encouiaged to seek in variations in blood-pressure, especially in some 
alteiation in pulse-pressure, some evidence of such an abnoimality 
Especial impetus was given to this phase of the subject by the work of 
Erlanger and Hooker These authors showed in their case of ortho- 
static albuminuria that the excretion of albumin followed closely a 
diminution of pulse-piessure resulting from a change of position fiom 
the recumbent to the upright When bj'’ various mechanical means such 
a drop of pulse-pressure was prevented, excietion of albumin failed to 
take place This association of fall of pulse-pressure with excretion of 
albumin led us to hope that in our cases we might find uniformly a 
decrease of pulse-pressure on change of position fiom the recumbent to 
the upright, or at least some evidence of unusual response to postural 
conditions Our results as already given, howevei, do not show any such 
marked fall of pulse-pressure on change of position, although the figures 
are somewhat smaller than the controls 

This subject acquires an added interest from its relation to entei- 
optosis A majority of our cases show definite stigmata of this condition, 
probably of congenital origin or disposition Its significance lies in the 
abnoimality in circulation and blood-pressure, which is supposed to 
lesult from an atonic condition of the abdommal wall Birtch and 
Inman,^’' in cases of visceroptosis with relaxation of the abdominal wall, 
concluded that on using, although the systolic pressure may behave in a 
normal manner the diastolic pressuie either remains unchanged or drops 
They attribute this diop of diastolic pressure directly to a loss of support 
of the splanchnic circulation due to atonic abdominal musculature 

Such a reaction we have failed to find in our cases Whatever the, 
effects we may attribute to muscular atony in orthostatic albuminuria, 
it may be affiimed that a definite change of peripheral systolic, diastolic 
and pulse-pressure is not one of them The muscular atonj^, if it ha= 
an} effect at all m these cases, operates otherwise than by the production 
of djTiamic changes in the peripheral circulation 


21 Erlnngor and Hooker Johns Hopkins Hosp Rep , 1904 



M E BAM — fl WES8LEB 


47 


In concluding this subject we wish to refer to the statement of 
Elliott/^ that a diop of systolic pressure m rising is pathognomonic of 
cases of orthostatic albuminuria It is scarcely necessary to say that 
such a drop of pressure is a normal phenomenon in many cases , and that 
on the other hand it does not occur with sufficient regularity to invest 
it with the dignity of an essential symptom 

BLOOD-PEESSUEE AFTEE EXEECISB 

In the search for tests of heart efficiency in both organic and func- 
tional circulatory disturbances, the response of the ciiculatory apparatus 
to bodily exertion has at various times been used as an index of its 
capabilities In oithostatic albuminurics, it is true, there is no question 
of organic heart disorder in the ordinary sense We have indeed shown 
m a previous article,^ that in many cases the hearts aie undersized, 
abnormal m shape and in some cases have noted what may be regarded 
as an abnormal response on the part of the heart to increased demands 
on its energy Such changes are, however, probably congenital or rather 
developmental in origin, and their causes lie deeper and are more 
involved than the ordinal v causes of heart disease It cannot be doubted, 
however, that functionally the cardiovascular system in these cases is not 
so efficient as in normal children, in proof of which witness the variety 
of subjective symptoms of which they so frequently complain, the com- 
monest of which are dyspnea and palpitation occurring even after the 
slightest bodily exertion 

In attempting to gather some information from the literature on the 
relationship between blood-pressure and exercise, we are at once con- 
fronted with a variety of opinions and numerous contradictory state- 
ments Some as for example, Stursberg and Schmidt, believe that an 
examination of the blood-pressure after exercise is of prognostic signifi- 
cance, for they say that an individual, who, after very slight bodily 
exercise, shows a very large rise in blood-pressure, will be moie easily 
haimed by excessive exercise than one in whom the pressure does not 
rise so high This is especially true of those who show marked irritability 
of then pressure and their pulse-rates In the same way Kleissel,^^ from 
expel iments on soldiers, concludes that neurotic individuals reveal an 
increase of blood-pressure and pulse-iates after exercise to a degree not 
shown by normal persons As opposed to these views are the conclusions 
of Fantus and Staehelin,”® who state that in healthy adults the regulation 
of the blood-pressure is too complicated for us to 'draw any conclusions 

22 Elhott, A E Interstate Med Jom , 1911, xviii, 721 ‘ 

23 Stursberg and Schmidt Munchen med Wchnschr, 1913, Fq 4 p ^74 

24 Klussel, E Wien med Wchnschr, 1911, No 28, 1810 

25 Fantus and Staehelin Ztschi f blin Med , 1910, Kx, 444 
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from the behavior of the maximum and minimum pressures after exer- 
cise Masmg,"° as the result of pressure readings on numerous subjects, 
decides that in general the increase in blood-pressure after work is 
proportional to the work done, when the work is repeated the increase 
IS not bO great The increase after musculai exercise is in proportion 
to the mental effort employed, and the latter varies with practice In 
young individuals pressure lemains high and fairly constant during 
work, whereas in the aged it drops after having attained its maximum 
Finally, Lowsley,®’^ after conducting a senes of very interesting expeii- 
ments on athletes, taking systolic and diastolic pressure readings immedi- 
ately and at intervals after exeition, concludes that the pressure reacts 
differently depending on the grade of the exercise — whether it be 
moderate, rapid, vigorous, fatiguing or exhausting He believes that 
prolonged exercise which causes an increase in the pulse-rate also causes 
an increase in systolic and diastolic pressures The systolic shows the 
greatest rise, hence there is an inciease in the pulse-pressure which may 
be interpreted to mean that the heart-beats are augmented as well as 
accelerated He emphasizes, as an important gauge of the circulation, 
the time taken foi the pulse-rate and blood-pressure to return to noimal 
after exercise It is also of interest to note in this connection that 
Lowsley found albuminuiia in those cases which showed small pulse- 
pi essures 

Our method of studying the effect of exercise on the blood-pressure 
was a follows The pressures were at first determined in the upright 
position at rest The children were then made to run up and down thiee 
flights of stairs lapidly The blood-pressure was then immediately taken 
again, never longer than one-half minute after cessation of the exercise 
The need of this haste in making the second reading lies in the well- 
known obseivation that the pressure falls very rapidly within a few 
minutes aftei the exeicise Headings made after such an interval give 
quite different results 

Summarizing Table 4, in which we have recorded the results of oui 
blood-pressuie determinations in children showing albuminuiia we find 
that the sj'stolic pressure rose in eighteen cases, was unchanged in two 
and fell in one case The increase in systolic pressure was as high as 35 
mm Hg The diastolic pressure fell in thirteen cases, was unchanged in 
one and lose in seven eases The greatest fall was 15 mm , the gieatest 
use was 15 mm The pulse-pressure rose in every case after exercise, 
the rise varying fiom 10 to 50 mm 

For comparison, we append in Table 5 the blood-pressure of our 
noimal contiol children taken before and after exercise Wlien these and 

2C Xlnsinp E Deutschr Arch f klin Med , 1902, K\iv', 253 

27 Lowslcv O S Am Jour Physiol, 1910 11, xxmi, 44G 



TABLE 4— BrooD PREssxJBns in Oethostatio Aebtbiinurics Betoee and ArrnE Exercise 


Systolic 

Diastolic 

Pulse-Piessure 

lase 

No 

Before 

Exercise 

After 

Exercise 

Difference 

Before 

Exercise 

After 

Exercise 

Difference 

Before 

Exercise 

After 

Exercise 

Difference 

1 

105 

100 

— 5 

65 

45 

—20 

40 

55 

+15 

2 

103 

105 

+ 2 

70 

60 

—10 

33 

45 

+12 

3 

92 

116 

+23 

75 

90 

+ 15 

17 

35 

+18 

4 

130 

130 

0 

95 

90 

— 5 

35 

40 

+ 5 

5 

110 

145 

+35 

85 

70 

—15 

25 

75 

+50 

6 

95 

113 

+18 

70 

63 

— 7 

25 

50 

+26 

7 

80 

100 

+20 

60 

75 

+15 

20 

25 

+ 5 

8 

112 

125 

+13 

80 

80 

0 

32 

45 

+13 

9 

105 

122 

+17 

60 

68 

+ 8 

45 

54 

+ 9 

10 

85 

120 

+35 

70 

86 

+ 15 

15 

35 


11 

130 

155 

+25 

75 

90 

+15 

55 

65 

+10 

12 

103 

100 

+ 3 

85 

65 

—20 

18 

41 

+23 

13 

90 

90 

0 

75 

70 

— 5 

15 


+ 5 

14 

120 

135 

+ 15 

75 

70 

— 5 

45 



15 

110 

113 

-j- 3 

85 

82 

— 3 

25 

31 

+ 6 

16 

95 

125 

+30 

70 

75 

+ 5 

26 


+25 

17 

no 

120 

+10 

65 

67 

+ 2 

45 

53 

+ 8 

18 

98 

117 

+ 19 

55 

50 

— 5 

43 

67 

+23 

19 

no 

115 

+ 5 

65 

60 

— 5 

45 

55 


20 

117 

125 

+ 8 

87 

85 

— 2 

30 



21 

120 

155 

+35 

90 

85 

— 5 

30 

■1 

+40 


TABLE 6 — Blood Pbessxjees in Noriial Control Children Before and After Exercise 


Sj'stolic 

Diastohc 


Before 

Exercise 

After 

Exercise 

Difference 

Before 

Exercise 

After 

Exercise 

1 

120 

130 

+ 10 

80 

65 

2 

102 

135 

+33 

78 

70 

3 

no 

127 

+17 

75 

65 

4 

112 

135 

+23 

65 

65 

5 

140 

165 

+25 

90 

65 

6 

130 

160 

+30 

70 

60 

7 

123 

150 

+27 

73 

65 

8 

120 

155 

+35 

75 

90 

9 

175 

175 

0 

no 

95 

10 

130 

140 

+10 

95 


11 

112 

138 

+26 

90 

70 

12 

130 

150 

+20 

75 

75 

13 

125 

180 

+55 

87 

100 

14 

120 

160 

+40 

77 

65 

15 

125 

180 

+65 

70 

70 

16 

135 

195 

+60 

62 

70 

17 

145 

160 

+15 

75 

50 

18 

117 

160 

+43 

90 

82 

19 

145 

180 

+35 

85 

70 

20 

115 

150 

+35 

00 

100 

21 

142 

185 

+43 

100 

90 

22 

125 
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the orthostatic albuminuria cases aie compared, the following points may 
he noted Both groups react qualitatively in the same manner, the 
systolic pressures in the orthostatic cases, however, do not increase as 
much as do those of the normal cases The diastolic pressures correspond 
faiily well in the two series The pulse-pressure after exercise in the 
cases of orthostatic albuminuria are much smaller than in the controls 
(as 17 44) This diminution is attributable to the difference in/systolic 
pressures 

SUMMAHY 

To sum up the result of our investigation we may say that the blood- 
pressures of children suffering from orthostatic albuminuria differ but 
little from those of normal children In spite of the apparent vasomotor 
insufficiency which many of these children showed, the blood-pressure 
reactions, both in the upright and recumbent postures and also after 
exercise, revealed no characteristic anomaly ISTor were we able in any 
way to correlate the blood-piessure findings with the findings in regard 
to heart shape and size oi pulse-iate Children with orthostatic albumin- 
uria who showed marked cardiovascular symptoms could not be differen- 
tiated by means of blood-pressure tests from the remainder of the group 

These results are disappointing, for the numerous interesting hypoth- 
eses concerning the etiology of orthostatic albuminuria would lead one 
to suppose that the vasomotor system must be in some manner to blame 
for the condition, especially in view of the results obtained by Erlanger 
and Hooker The relationship of lordosis of the lumbar spine to ortho- 
static albuminuria has also been brought into connection with an 
abnormal cardiovascular system, since it has been suggested that only 
those childien react to lordosis by an excretion of albumin in whom the 
vasomotor system is unable to pi event congestion of the kidney This 
hypothesis appears plausible, but it cannot be proved or disproved by an 
examination of the pressure in the peripheral vessels All that can be 
said at present is that the blood-pressuie in the brachial artery reacts 
noimall), tliough whether or not this would apply to the blood-pressui e 
m the renal vessels of the same case, we are unable to state 

41 West Eighty-Third Street — 122 West One Hundred and Eighteenth Street 



EXPEEIMENTS TO DEVELOP A MOEE WIDELY DSEFDL 
METHOD OF BLOOD-TEANSFHSIOH ^ 

HENRY S SATTERLEE, MD, and RANSOM S HOOKER, MD 

KEW YORK 

111 the present discussion a comprehensive review of all methods of 
tiaiisfnsiiig human blood would lead us too far fiom our immediate sub- 
ject It will tlieiefore be expedient to dismiss bneflj^ and with very 
general consideration those methods of transfusion which involve the 
direct anastomosis of blood-vessels and not to attempt to estimate their 
relative merits Foi a detailed discussion of the difficulties and limita- 
tions of this class of operation the reader is referred to the notable work 
of Crile published m 1909 Since the introduction of Cnle’s method, 
other ingenious devices have been contrived to facilitate the accomplish- 
ment of transfusion by an end-to-end junction of the blood-vessels, and 
theie have been numerous accounts of the success of these operations 
Less notice, liowevei, has been given of the failures which from time to 
time have occurred Fiom a study of the literature, and from the per- 
sonal communications of those who have had experience with the different 
ways of performing transfusion by anastomosis, we believe that it is fair 
to say of such methods that they ought not to be attempted by the general 
practitioner, that even in the most skilful hands, the presence of some 
slight adverse condition may seriously interfere with the chances of 
success , and that in all of these methods there is no satisfactory way of 
measuring the amount of blood which is actually transfused 

Passing on to those methods of transfusion which depend on the 
agency of an intermediate receptacle, one finds, in looking over the litera- 
ture, that such methods were employed many years ago with defibrinated 
blood, particularly as applied to battle-field surgery Esmaich, in 1877, 
in his work on the treatment of the wounded in war, gave a detailed 
description of the method advocated by him for use m the Prussian army 
He believed in using only hydrostatic pressure to carry the blood into 
the vein , and the illustration which he gives of his contrivance for this 
puipose beais a very striking resemblance to a modern salvarsan infusion 
appaiatus Another device of this peiiod was Collin’s transfusion appa- 
latus, which consisted of a large funnel and a cylindrical force-pump, 
communicating by a check-valve with a glass reservoir From this 
icseivon, which also served as an air-trap, the blood was led by a tube 

* From the Physiological Laboiatory of the College of Physicians and Sur- 
geons, Columbia University 
* Submitted for publication Aug 8, 1913 
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and cannula into the vessel of the leeipient Hasse about the same time 
employed a screw-piston S 3 Tinge, and TJterhait a syringe designed to tiap 
air-hubbles Hurter, anothei contemporary surgeon, recommended a 
similar method for arterial transfusion It is mentioned by Esmarch 
that injection into an artery of the recipient obviates the danger of ovei- 
distending the right heart, and that where a vein is used, not more than 
25 gm of blood a minute should ever be injected 

With all these methods the blood was carefully defibrinated by 
whipping, and Esmarch recommends two defibrinations and two filtra- 
tions to insure against the possibility of injecting coagulum The ques- 
tion of asepsis was at that time, of course, considered only in the most 
general way 

About ten years later Esmarch, influenced by the researches of 
Kohler on the properties of defibrinated blood, came to the conclusion 
that there is a dissolving action of the fibrin ferment in defibrinated 
blood on the red blood-cells, and also the possibility of causing coagulatne 
changes in the circulating blood of the recipient, and that therefoie 
‘^every form of transfusion of blood is to be rejected ’’ A few years later 
Kohler’s work was confirmed by Edelberg and much later by Schultz In 
1900 Esmarch reiterated his condemnation of defibrinated blood and 
recommended intravenous saline infusion for every indication that form- 
erly demanded transfusion Euld, in 1903, and Morawitz in 1905, 
showed that the harmful substances in defibrinated blood was changed to 
an apparently harmless modification if filtration from the coagnla was 
conducted without pressure, and if the blood was kept for a short time 
after defibrination before being injected into the circulation 

Tliose who have moie recently experimented with the use of homolo- 
gous defibrinated blood foi intravenous transfusion vary in their estimate 
of the value of the procedure as a therapeutic method Morawitz, in a 
later communication, says that there is great danger in infusing defi- 
brinated blood into the circulation unless ample time has been allowed 
for the completion of all changes which may take place in the coagulative 
factors The expeiiments of Moldovan indicate that thirty-five minute^, 
after defibrination is the time-limit of safetj’’ Although Curtis and 
Band haie giien intra\enous mjections of freshly defibrinated blood 
in dogs in four experiments and found it to have been safely utilized by 
the recipient animal, these authors are not led to advocate the method for 
Iiuman tiansfusion Hurter asseits his belief, based on clinical results 
in tluit 3 -fi\e transfusions for pernicious anemia, that the use of fre^h 
unaltered blood is much belter than the use of defibiinated blood, espe- 
cialh in the aplastic tjpe of this disease The investigations of Pike, 
Cutlirio and Stewart on the resuscitation of the blood, indicate that the 
juc'onation of defibrinated blood for tuenfy-four liouis impairs the 
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physiological fxmctioniiig of the erythrocytes, and they express the belief 
that blood, when preserved outside the circulation, soon undergoes 
changes which affect its nutritive as well as its bactericidal properties 
The expel iments of Genou in 1901 apparently indicated that plasma had 
little or no bacteriolytic action tii mtro on a variety of organisms which 
were destroyed by serum This supported MetchnikoS’s theory that 
complement is dciived from the leukocytes and liberated by changes 
induced in them duiing the process of coagulation Addis, however, has 
since shown that Genou did not directly compare plasma with serum, but 
serum fiom cell-free plasma with seium fiom blood, and concludes from 
his experiments with “paraffin plasma” which he obtained by a very 
caieful technic, that complement is not deiived from injured leukocytes, 
that thei e is as much complement in plasma as in serum, that it is prob- 
ably piesent in the cii dilating plasma of the blood and is not a pioduct 
of eoagulation 

Stevens and Lee, in 1884, in the course of pei fusion experiments with 
defibi mated blood on the frog and terrapin, demonstrated the presence 
of an active vasoconstricting substance in defibrmated blood which was 
appal ently due to some product of the coagulative process The experi- 
ments of Biodie weie, however, the first to indicate that there were dis- 
tinctly different vasomotor agents in plasma and in serum, the mam 
result of his investigations being the discovery of a vasodilator substance 
in blood-serum acting centrally on the vasomotor system through the 
pulmonary blanches of the vagus, which this author determined to be a 
protein of the albumin class, coagulable by boiling and produced dm mg 
the process of clotting by some action of the corpuscles Sollmann found 
that serum produces a diiect vasodilator effect on the isolated kidney 
limited to the efferent vessels, and O^Connor determined that the vaso- 
constiictmg effect of serum was due, not to its epmephrm content, but to 
some substance liberated during coagulation O’Connor’s observations 
weie latei confirmed by Falta and Fleming, and the existence of such a 
substance was mferied by Stewart and Plarvey from their finding that 
the seium from a patient with Addison’s disease, whose adienal remains 
aftei death yielded no suprarenin, pioduced as great a constrictor effect 
on the vessels of an isolated labbit kidney as did normal serum 

Stewart and Haney followed up this observation with a series of 
pel fusion experiments showing the effects of human, dog, rabbit and 
sheep serum and plasma on the isolated renal vessels of the dog and 
labbit, on the peripheral vessels of the rabbit and frog, and on the coro- 
nary arteries of the isolated rabbit heart, and came to the conclusion that 
there is (a) a vasodilator substance m plasma and m serum which is 
specific for the vessels of the kidney, acting directly on the muscle coats 
of the arteries, which is a piotem of the albumin class and is precipitated 
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by boiling and by alcohol, (b) a vasoconstrictor substance in seium, 
liberated by the process of clotting of the blood, which acts on the renal 
vessels and also on the vessels of the limb which is not a piotein, is 
soluble in alcohol and resists boiling 

If these conclusions be accepted as the vasomotor eSects of plasma 
or undefibrinated blood and of serum or defibi mated blood, it is evident 
that the action of the latter must be a complex resultant of ojiposed foices 
That a deleterious effect is produced by the presence in blood intended 
for transfusion of substances having such a complicated action on the 
vasomotor system, would be difficult to prove in any given case But, 
geneially speaking, it is desiiable beyond peradventuie that blood for 
transfusion should be without any alteration of noimal physiological 
function, except where some special therapeutic effect is sought, as from 
specifically immunized blood Apait from the dangers of insufficient 
defibrination, the chances of bacterial contamination, and the other objec- 
tions just mentioned, the use of defibrinated blood seems paiticulaily 
inadequate from a phj^siological standpoint in those cases (purpuia, 
hemophilia, etc ) in which the potential clotting elements of the patient’s 
blood are presumably lacking or at fault 

The transfer of fresh blood from one human being to another through 
the agency of an intermediate receptacle seems to have been first prac- 
ticed by von Ziemssen over twenty years ago The method described by 
this author required one operator and three assistants The arm of the 
donoi V as congested by a bandage and a prominent vein at the bend of 
the elbow was punctured without skin incision by means of a hollow 
cylindiiral needle and the blood was withdrawn into a 25 c c piston 
syringe While this syringe was filling another needle was likewise 
intioduced into the recipient’s vein The ligature was then removed 
fiom the recipient’s aim and the first sjuinge, as soon as filled, was 
quickly earned over and attached to the needle in the recipient’s vein and 
the blood slouly injected Meanuhile a second syringe was attached to 
the donor’s needle as soon as disconnected from the fiist syringe, and 
the same procedure repeated A third syringe followed in the same way, 
the first one being meanwhile carefully washed out by an assistant 
Ziemssen repoited tliat the transfei of from 250 to 300 c c of blood in 
this manner took not longer than fifteen to twenty minutes In his fiist 
senes of se^en eases he stated that he observed chills and derations of 
temperatuie in thiee cases and that in one of these instances he had 
trouble \\ itli a clot in the recipient s needle v Inch had to be removed 
He, lioverei, eonsideied the method less liable to the risk of causmg 
dangerous coagulatire changes in the circulating blood than transfusion 
b\ end-to-end anastomosis oi the use of defibrinated blood 
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A method was lecommended b}' Moiitz in 1911 which did not materi- 
ally* differ from Ziemssen’s, except that the needles were fitted with stop- 
cocks and connected with the syringe by means of an intermediate tube 
of glass and rubber also provided with stop-cocks Immediately aftei 
each withdrawal or in 3 ection of blood, sterile normal salt solution was 
injected thiongh the needles and the stop-cocks were closed Strips of 
adhesive plaster were nsed to minimize as far as possible the movement 
of the needles while within the veins It is mentioned by Moritz that 
the needles aie of such fine calibei that no clots of any size could possibly 
be injected into the circulation Hiirter recommends Moritz’s method 
and claims to have had success with it although he refers to it as involv- 
ing a delicate technic 

More recently Lmdeman has advocated a method which he has prac- 
ticed successfully on childien and adults in a considerable number of 
cases His method differs from that of Ziemssen and of Moritz in that 
he has devised a special set of invagmated cylindrical cannulas, and that 
a dozen oi more syimges of 20 c c capacity are employed in rapid succes- 
sion to convey the blood from one cannula to the other An improve- 
ment over the Ziemssen and Moritz technics is the avoidance of trau- 
matizing the intima of the veins by the many abrading movements within 
the blood-vessel of a sharp-pointed mstruraent, incidental to the frequent 
connection and disconnection of the syringes This feature is minimized 
by Lmdeman in that the sharp innermost cannula of his set is withdrawn 
fiom the vein as soon as it has done its work of penetration It should 
also be mentioned that all cannulas receive an internal coating of liquid 
paraffin before use 

As no special measuies to delay or prevent clotting of the blood while 
in the receptacle are emploj'^ed m this class of operation, success and 
safety necessarily depend on celerity of action in convejung the blood from 
the vessel of the donor to that of the recipient Prompt and repeated 
washing out of the cannulas with normal salt solution is also imperative 
Each syiingeful of blood involves one interiuption of flow, two connec- 
tions to blood-vessels and two disconnections, which subjects the punc- 
tured vem-wall to a considerable amount of manipulation during the 
course of the transfusion ITliere much blood is to be transfused by this 
method many syringes are required, and this makes the outlay foi appa- 
latus a matter for consideration in judging of the general usefulness of 
the piocediue io keep a dozen oi more syringes in good working ordei 
lutli stnet asepsis, and to have the intelligent, prompt and coordinated 
action ot at least three opei ators, renders this type of operation impossible 
foi cmeigeney use except in a hospital, and takes it out of the hands of 
the geneial practitioner lYe believe, however, that this method m its 
simplest application, as repoited by Coolej'' and Vaughan, should prove 
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d valuable resource m emergencies, where only 10 to 20 c c of blood are 
required, and an ordinary' syringe with needle is the most convenient 
instrument at hand 

It IS evident to anyone who has given it consideration that a laige 
field of usefulness would be open to the opeiation of hlood-transfusion 
if it could be peifoimed safely, quickly and surely by anyone possessing 
ordinary surgical skill, and, if possible, without expeit assistance 

It occurred to one of us that such a practicable method might bo 
evolved if a satisfactory apparatus could be devised to withdraw a con- 
siderable quantity of blood at one time from a vessel of the donor and 
inject it into a vessel of the recipient without risk of clotting, and more 
particularly fiom a study of the lecent investigations of Howell, of Dulce 
and of Whipple on the nature and significance of the factors concerned 
in blood-coagulation, it seemed that there were tuo alternative lines of 
experimentation which held out some promise of overcoming the danger 
of clotting in blood-transfusion These alternatives are 

(a) The employment of an intermediate system, pioviding no point of con 
tact ivitli any moistenahle surface, and at the same time minimizing as far as 
possible the evposure of broken tissue surface to the bloodstream, (b) the 
employment of a sufficient amount of some physiologic agent (antithrombin), 
to restrain or offset the initiative factors of coagulation during the time of the 
conveyance of the blood through a foreign system, such as glass and metal 

The investigation of the possibilities of the second of these alterna- 
tives IS alieady under way and will form the subject of a latei 
communication 

It IS, howevei, with the development of the first of these proceduies 
that the present paper has to do , and we may say at once that this has 
resulted in a method of drawing blood from the donor’s blood-vessel 
directly into a paraffin receptacle, carrying the blood to the recipient, 
and injecting it into the recipient’s circulation in precisely the same 
way in which it was obtained from the donor Excepting the aii- 
contact of its upper surface while in the receptacle, the blood does not 
touch anything but paraffin duiing its passage The paraffin receptacle 
consists of a thin film of hard paraffin, lining a firm supporting structure 
The latter comprises a tubulated glass c 3 dinder, closed at the lower end 
by an asbestos stopper, through which passes a metal cannula The upper 
end of the cjdindei passes directly* into an aspirating tube containing an 
air-filter and terminating in a mouth-piece 

In considering the work which has already been done with paraffin- 
coated apparatus, we have been especially impressed with the reports of 
Curtis and David, and of Eisley and Irving Erom the findings of these 
investigators it seemed wise to plan some preliminary experiments to 
ascertain the essential requirements of a convejing system with a pro- 
tective linmg 
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'J'he mateiials which appeal to have seived best as aiiticoagiilative 
coating agents in foimei expei iniental woik^ aie the paiaffins^ oidmaiv 
comnieicial petrolatum, the neutial saponifiable oils and steaiic acid 
The lattei seemed to possess no peciiliai advantage and was rejected bv 
11^5 on tlieoi etic gi ounds, because of ihe possible hemolytic effect^ which 
IS known to be a chaiacieiistic of some of the unsaturated fatty acids 
The tiial mivtuies weie, theiefoie, confined to ingredients of the first 
tliieo classes Olne oil and the expiessed oil of almonds were chosen 
fiom the neutral saponifiable oils, and, when combined in proper propoi- 
tions with paraffin and petrolatum, formed fairly satisfactory mixtures 
Tire legetable oils were, however, finally abandoned on account of then 
tendency to favor the giowth of mold 

In judging the suitability of the paiaffin mixtures, the physical 
qiialilies considered were 

1 Macroscopic smoothness and uiiifoimity of surface, and micro- 
scopic fineness and uniformity of leticulation 

2 Cohesiveness and adhesivene'^s to glass, silver and asbestos when 
congealed 

3 Gi easiness of surface, as judged by lepnlsion and glob illation of 
watery fluids 

As a final test, glass tubes of 2 mm internal diameter, coated with the 
mixtuie, iveie tested bj aspiiating a short column of blood directly from 
the vein of an animal, and the relative clottiiig-time of this blood-column 
was observed and compaied with that m a siinilai tube without coating 

The coiiibiiiatioii finally adopted as the best of twenty-foiii mixtures 
tested was 

Guibpei’s filteied paiafim melting point CO to 62 C (140 to 143 6 F ), 56 parts 
by -tt eight, and pme wbite petiolatum, 44 paits by weight This mivtuie has a 
melting point of 40 to 50 C (120 2 to 122 F ) 

Expel iiiieiits to deielop the best form of cannula and blood-ieceptacle 
Mcie can led out as indicated in the reports of Experiments 1 to 4, 
iiiclusne Seieial glass cylinders having a piston or plungei discharge 
veie abandoned as this type of appaiatus was found difficult of contiol 
for slow delneiy, iinceitain in action, lequiied the use of a third hand 
in cflecting tlie transfer, and was not nearly so delicate as the simple 
pneiiinatic discharge assisted by giavity, ivhich was after waid adopted 

Expel inients with needles and cannulas for intiodiictioii into the 
rein led to many changes before a satisfactory method was evolved It 

1 lloinboim B :\1 Tom Am Med Assn 1012, hin, 1007 Bordet and 
Gonou Ann de I’Tnst Past 1903 p 822 Biewei and Legget Smg , Gynec 
\nd Ob«let 1909 i\, 293 Vincent B Am Join Dis Child, 1911 i, 376 

2 \dlei H :n 'liiL Arciiims INT Mud , 1913, m 187 Hopkins, A H 
'Jni Aitcnnrs Ixt Med, 1913 \i, 300 
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was found impossible to coat with paiaffin a cyliii ducal needle and flexible 
connecting tube in conjunction witli a glass containei, so as to preseive 
an intact coating tliiongliout the entiie system, and at the same time 
provide a sufficiently wide channel foi effectual aspiiation and deliveiy 
The wax mixture was theiefoie, in the next expeiiments, used foi coat- 
ing the glass containeis only, and oil oi liquid paiaffin was lesoited to as 
a coating foi the needles and tubing This makeshift woiked with 
model ate satisfaction on the experimental animal, but is open to at least 
a theoietic objection on account of the consideiable amount of liquid oil 
which may entei the ciiculation, and the piactical objection that with 
a flexible connection the whole aspirating appaiatus cannot be held and 



Fig 1 — Longitudinal section of cannula seated in asbestos stoppei of pipet 

the cannula directed into the vein with one hand, while the other hand of 
the opeiatoi is left free to fix the wall of the vein At this stage of oui 
nil estigation it became evident that it uould be advantageous to dense 
a special cannula iigidly connected with a glass cylmdei, foiming a pipet 
The constiuction of this instiumeiit was based on seveial important 
piiiiciples vliich a diagram will elucidate (Fig 1) 

The point of the instrument is conical in shape and is designed to 
btietch apait the tissues penetiated, uhile efiecting the least possible 
iiijuij The di«tal opening of the cannula is placed lateially and fbe 
edges of tins opening aie smoothly loiinded The thickening oi shouldei 
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just l)ack of the opemng serve'? .as a slop and prevents possible leakage 
wlien the cannnla ]“? pii'^hecl into the vein 

It will be «een, by lefeience to Figure 1 that the cylmdncal pait of 
the lamen cxteinF foi only a fraction of an inch, and then immediately 
widens This eiilaigement, though appearing as a very gradual taper, 
piovides an inciease in the cii cumference piopoitionate to the inciease 
of the ladius, and an inciease in the area of the cross-section propor- 
tionate to the squai es of the radii , <;o that at the point B, which has a 
diametei double that of point A, the eircumfeieiiee of a contained column 
of fluid IS only doubled, but its volume is inci eased four times This 
means that at B the degiee of lateial contact of the column is diminished 
one-half in relation to the sectional area of the column at that point 
The wall of a tube of small diameter, which can be wet by a contained 
fluid, nece'!«aiily detei mines a ceitain amount of lateral friction on a 



Fig 2 — Distil Piid of cinnula showing position in vein Sliouldei just back 
of opening pi events leakage from blood vessel 


moMng column of that fluid, the peiipheral layei of the column adhering 
^0 closely to the vail of the tube as to be practically motionless It i'? 
oinious that a paraffin coating on the wall of such a tube materially 
le^^ens this pei ipheial fnction Tdiat fiiction is also lessened by expand- 
ing the ralibei of the cannula and reducing its length to a minimum, 
mar bo icadili deduced from the law of Poiseuille for detei mining the 
outflow of fluid from capillary tubes This law may be expressed b} the 
equation 

D'll 

Q = 

L 

fl’liat IS to sa}, ilie quaiitiU, Q which i= discbaiged in a unit of time 
IS dncctly piopoilioiial to the fouitli power of the diametei, D, of the 
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tube, and to the height of the pie'^suie, 77, and indnectly piopoitioiial 
to the length of tlie tube, L It may fuitheimoie be leasonabl}'^ assumed, 
and theie is expeiimental evidence to snppoit the assumption,® that 
diminished friction of blood in a foieign system, is associated with a 
diminished tendency to coagulation 

The impoitant featuie of the shoit attachment of the cannula to ibe 
neck of the pipet is contiived by means of an an -tight asbestos,stoppei, 
enclosing the pioximal end of the cannula and making the lattei an aim 



Fig 3 — Pipet ^Mlll cmniiln in position foi mseition in leiii 


of the pipet, the tuo menibeis togethci foiming iiitually a iigid one- 
piece apparatus (Fig 3) 

lurxTioD or rni p vration and usl or appau \tus 
The piocess of coating tlie inside of the appaiatus uith paiaflin 
lequiies a caieful technic to be successful ddie pipet must be tboiongbl} 
cleaned and fieo fiom moisture and two coats aie applied The tii't 

3 Ilmtlili Tv AicJin f d ges Plnsiol TOGO, )\\\n 436 433 
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coaliJig IS clone at 68 to 71 C (1514 to 159 8 F ) in a bath containing 
a qnantiij of tlie paiaffin nnxtiiie sufficient to allow the cylindei to be 
immei'^ecl foi its entiic length and to a depth of at least half its diainetei 
It IS then lotated in the melted wax until nnifoimly heated Aii-bnbbles 
niiisi be molded in the lemoial ol the cylindei fioni the bath, and the 
coating must take place nndei steiile piecantions When the fiist coating 
IS thoioiififiily haidened a steiile aspiiating tube is attached, and the 
Aeiih' adieAos stoppei and cannula aie snugly inseited (Fig 4) 

The second coating is applied In aspuatmg the hot paiaffin mixtme 
fiom the bath, at a tempeiatiiie of 60 to 61 C (140 to 141 8 F ) tlnoiigh 
the cannula into the cylindei When the inflowing paiaffin has leachecl 
a leiel of about 1 cm abo\e the neck of the pipe!, it is immediately 



Tig 4 — Pipet and cannula with aspirating tube and mouth-piece attached 

expelled The cannula is then lifted fiom beneath the suiface of the 
bath and its lumen quickly cleaied b}'^ gentle blowing through the mouth- 
piece caic being taken to aioid any back suction which would lesult in 
an -bubbles The cannula is finally protected by coveimg with a piece 
of stei lie-glass tubing held in place by a ship of adhesive plastei 

In ■waim ueathci the appaiatus should be piepaied at least one honi 
in adiance of u<=e so as to allow the paiaffin to harden thoroughly If a 
shaip cannula is u«ed attention must be gnen not to damage the point 
when coating the appaiatus and in eiery case its lumen must be smooth 
and ileaii befoie coating 
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It should be stated heie that both shaip and blunt-pointed cannulas 
have been used The use of the foiniei constitutes the simplei method of 
penetiatmg the vein when the size of the blood-vessel admits of fiee 
manipulation^ but a fine piobe point is to be piefened in most cases, 
especially if the vein is small and the danger of wounding or penetiatmg 
the opposite wall is, theiefoie, inci eased 

METHOD OE TRANSFUSION 

Tlie method of transiiising with the blunt-pointed cannula is as 
follows 

Instnniients — Knife, scissois, thumb forceps, fixation foiceps, one oi 
tuo mosquito clamps, seveial self-retaining st 3 dets of ditfeient sizes 
(Fig 5), sutuies and needles foi closing the skin wound 



Fig 5 — Self letaining stylets used to puncture blood lessel 


Appamtiis — Seveial piepaied pipets having cannulas of the size 
likeh to be needed foi the case at hand, two obtuiating sleeves with 
clamps attached, a small tube of steiile liquid paiaffin and some steiile 
petiolatum, a «teiile aspnating tube, a cotton aii-filtei, and a 
mouth-piece 

Opciaiion — The donating and recipient leins aie exposed iindei local 
anesthesia in the usual niannei thiough incisions about 4 cm in length, 
and the fascial =heath is cleaied an ax =o that a fiim hold of the x'ein-Mall 
can be seemed A pipet with a cannula suited to the ^ize of the lecipient 
\ein IS cho-en the aspnating tube with month-piece is attached and an 
obtuiating sleexe, with clamp attached, is dipped into steiile liquid 
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paiaffin and slipped ovei the cannula Tlie action of the sleeve is tested 
to make sine that it will slip easily backwaid and foiwaid and it is then 
leti acted to a position ]nst pioxinial to the shonldei of the cannula 
Suitable stylets aie selected, dipped in steiile petiolatiini, and nisei tea 
thiongh the walls of both veins The dnection of penetiation should be 
with the cuiient in the lecipient vein and against the cunent m the 
donating lein The opeiator, having taken the mouth-piece and holding 
the pipet in his light hand, fixes the wall of the donating vein with a 
foiccps in his left hand immediately beyond the point wheie the ‘^tjlet 
has 3 ust been intioduced, and exerts slight ti action upward The stylet 
IS then quickly removed, by means of its attached loop, with a finger of 
the 1 ight hand the ti action on the vein conti oiling the outflow of blood , 
and the cannula is then pushed through the small hole which has been 
piincluied by the stvlet The arm of the donor is now constricted above, 
and the blood is diawir into the pipet by aspiiatioii When enough blood 
has been obtained the cannula is withdiawn from the rein with one hand, 
while with the other hand the obturating sleeve is pushed to its distal 
position cover ing the mouth of the cannula a moment after it emerges 
from the vein A little blood is purposely allowed to flow fiom the 
cannula at this 3 nnctuie to leinoie any thiomboplastic substance which 
may hare been collected fiom the broken surface of the vessel-wall at the 
moment of withdrawal The duties of an assistant, who may be the 
do'ioi himself, aie to lemove the coiisti iction ot the aim when the blood 
has been obtained and to press a sterile gauze compress over the wound 
until it IS ready for suture Intioduetion of the blood into the vein of 
the recipient is accomplished in piecisely the same way as just described 
foi its withdiaual, except that the fourth oi fifth finger of the right 
liand of the operator is used to retract the obturating sleeve at the 
moment of enter mg the rein 

'idle capacity of the pipet rvliich has been found most useful is about 
225 c c Tt IS probably inadvisable to take more than 200 c c of blood 
at one time A second pipet can be used foi a second transfusion if 
desirable i^ot more than trvelre minutes should elapse in making a 
single tian<=fusion rvitli safety One hundred and fifty cc should be 
obtained in from trvo to fire minutes, depending on the abundance of 
blood-flow in the donor's aim, and this should be injected in from four 
to SIX minutes There is probably no dangei of over distending the right 
auiicle if delireiy is eflected no faster than 50 c c per minute for an 
adult, and 20 to 25 c c per minute foi a child 

In conclusion r\e present, iii chronologic order and as briefly as the 
details rrill permit, a report of oui experiments in transfusing animals 
with this apjiaiatiis, together with our clinical application of the method 
in three cases 
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EXPLIilMEJCTAL AXD CLINIC iL lU POUTS 

E\PERIME^T 1— Feb 12, 1013 Dog 1 inilc, 5 81 kg Etlicr anesthesia 
Femoial and external jugiilai veins exposed 

Apparatus glass cvlindeis with asbestos packed piston plnngeis, two open 
mgs at opposite ends of c'^lmdei one foi aspiiation and one foi deluen Cybii 
ders pieviously coated -with the plnngei in position foi delnen Pviaflm inixtnie 
2 Deliven^ tube of lubbci, 5 cm in length, coupling the gliss cylinder to an 
ordmaij’^ hollow needle of medium size (116 nun external diametei ) Delnery 
tube and needle not coated 

Aspiration of blood accomplished by snetion with inbbei bulb connected by 
tubing to pioximal opening of crlindei pioaided foi the puiposc MHieii cylin 
del Avas filled with blood this opening was shut off and delnen effected bA' 
advancing the plungci The tubing and needle w'cic tiled at fiist dn ‘ii'd then 
Avith an internal coating of oil The blood clotted piomptly in the tube and 
needle in the fiist instance, and less pioniptlA m the tube and needle which had 
recen'ed the coating of oil A much moie satisfactoiv dcliveiA' w'as effected hv 
the use of a tapeied cannula with oil coating The blood lemained fluid in the 
paiaffin lined glass cA'lindeis fioin nine to olc\en minutes the tempeiatnic of the 
loom being about 20 C (08 F ) The action of the plungei was found to he 
unceitain and diffitnlt to contiol The dog was killed at the end of the 
expel imeiit 

ExperijMENT 2 — Feb 14, 1013 Dog 2, female C 34 kg Ether anesthesia 
Both femoial and external jugulai \oins exposed 

Appaiatus glass CAbndei, about 80 cc capacity prcMoush coated with 
paraffin mixtuie No 7, having two openings at opposite ends, one foi pneiimatn 
aspiration and expulsion of the blood and the otbci foi coniioetion is in list 
expel iiiient A specialh' modified tipeied cannnla and laige size (1 62 mm 
exteinal diametei) cjlindrical needles w'eie cmplojed cannnla, needles and 
connecting tubes w'eie coated wuth oil 

Fust tiial (tapeied cannula) 00 cc of blood taken fioni jiignlii and with 
out difficulti dischaiged into femoial xein The small inionnt of blood remain 
ing in cvlinder clotted in tw'elve minutes tliirtA' seconds 

Second tiial (cvlindiical needle) tiansfusion not eflected ow’iiig to clotting 
in needle 

Thud trial (tapeied cannula) 40 c c taken fioiii fenioi il and without diffi 
cnltx’’ dischaiged into pigiilai The small amount of blood lesened in CAbiidcr 
dotted in appioximatelx' fifteen minutes The dog Aias killed at the end of the 
expel imeiit and the A^eins weic dissected out and opened No cMdence of clotting 
w as in the a eins 

Experimext 3 — Feb 15 1013 ' Dog 3 male 9 0 kg Ether anesthesia Asep 
tic piecautions Right femoial and light jugular xeins exposed 

Xjiparitiis glass cAlindei communicating diiecth thiough stoppci Aiith i 
speeialh cm red and tapered canmili The eiitiie appaiatus pioiided with an 
intact coiting of paiafliii mixtuie 0 The lesiilt of the pieliminaiA test of the 
foigiilatioii tune of the dog’s blood (Bifli Biooks method) w is tint at 37 5 C 
(00 5 F ) at the end of tA\o minutes theie was a slight fibiin foiniation, at two 
minutes foitA seconds a slight fibiin foimition it foiii mimitos a toiiiph tc 
tlot \bout 4S cc of blood weu aspiiatcd fioiii the jugular lein liA means of a 
iiibbei bulb an ispnatiiig tube was cl imped the caniiiili withdnwn and the hole 
in the lein clamped with mosquito clamp and siibsequentli tied with fine catgut 
Iheic w IS considerable diipping of blood fiom the cannula which obsciiied the 
(leld of opeiation and leqiiiied sponging with salt solution 3 he caiiniila was 
intiodiiecd into the cxjiosrd fnnoi il leiii in the same niaiiiiei iiid iboiit 45 cc 
of blood was disdnrgcd iiid the punt tine liole tiid of! is befoit Tlit tinu of 
eiiti nice of the ciiinula into the first \ein to (be witbdnwal from the second 
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vein ivas a little more than four minutes Most of the blood reserved in the pipet 
vas allowed to run out six minutes five seconds after withdrawal from the first 
lein, and a four-loop prepaiation of this was taken and transferred to the cham- 
ber of a Bifii-BroolvS coagulometer with obseivation as follows 
Temp 35 C (05 F ), forty seconds, no clotting 
'Jemp .34 C C (94 2 F ), one minute foity seconds, no clotting 
Temp 33 2 C (017 F), foui minutes tl irty-fivc seconds, fairly firm clot 
Tlie skin wounds were closed, collodion dressing applied and the dog allowed 
to come from under the anesthetic The small amount of blood leserved in the 
pipet u as examined at thirty-five minutes after withdrawal from the vein That 
jiortion remaining m the cannula and in the cylinder adjacent to it was found 
clotted, but the larger poition Avluch had flowed back in the cylinder as it lay 
111 the horizontal position was still fluid A loop of this was removed to the 
coagulometer and found to dissipate completely when plunged into water The 
dog appealed perfectly normal after the operation and showed no subsequent 
ill effects 

Clinicai, Trial, Case 1 — Feb IG, 1913 B B , a girl aged 7%, was admitted 
to the hospital Jan 24, 1013, with scarlet fever, in the eighth day of her illness 
Temperatuie 103 F , pulse 138, respiration 24, heart, lungs, abdominal organs and 
urine were negative on admission The patient appeared to be making a good 
1 ecovery until February 0, when she had a chill and a sudden rise of temperature 
to 105 8 F , and several days later developed signs of a nephritis By February 
12 she had a fully developed purpuric rash with scant bloody urine and joint pains 
February 14 an uncontrollable oozing hemorrhage started from the nose, the con- 
dition of the patient became rapidly worse and a systolic heart-muimur developed 
Horse seiiim, 10 cc, was given subcutaneously February 15 the epistaxis con- 
tinued, tlieie was evidence of cardiac dilatation on percussion, vomiting of blood 
iccuried at intervals, the hemorrhagic rash was very marked and widely dis- 
ti ibuted Hoi se serum plugs were placed in the nostrils and 20 e c horse-serum 
given subcutaneously Febiuary 10 the patient vomited bloody fluid continually, 
retained no food or medication by mouth, the temperature was 98 4 F , pulse 160 
and hardly peiceptiblo at the wrist, respiration 20, a tarry stool was passed at 
4pm, the condition was evidently nioiibund The father was summoned and 
offeied to serve as donor for a transfusion Apparatus similar to that in 
Expel iiiient 3 was used, and G5 cc of blood was remov^ed from the donor’s median 
basilic vein and injected into the median cephalic vein of the patient The trans- 
fei took place in appi oximatoly thiec and one half minutes Ho difficulty of any 
kind vas experienced except for the dripping of blood from the cannula at the 
moment of entciing the recipient vein, which required sponging The small 
amount of blood leniaining in the pipet did not clot until twenty-one minutes 
after withdrawal from the vein The patient’s pulse and mental condition seemed 
slightlv better shortly after the transfusion, but death occuned early on the 
moining of the following day 

A condensed report of the macioscopic findings at the autopsy, performed by 
Dr Geoige P Biggs fourteen hours after death, follows Heart distinct dilata 
tioii of tlie left ventiicle, petechial hemoirhages of the endocardium and hemor- 
ihagic areas in the papillary muscles on cross section Hidneys considerably 
ciilaiged eipsulcs not adheient, surface smooth, pyiamids and cortex both greatly 
swollen, cortex light in coloi and mai kings indistinct Suprarenals rather large, 
left containing a small area of softening in the upper portion, the right a small 
area of softening in the lower portion, no definite hemorrhages Ulcerative lesion 
of the left tonsil and base of the tongue with eiosion of blood-vessels Multiple 
hemorrhagic areas of the lungs and spleen Petechial areas widely distributed 
over skin, mucous membranes and serous membranes 

Ex-prRiwEXT 4-Srarch 11, 1913 Dog 3 (the dog used in Experiment 3) 
Ether anesthesia Right jugular and right femoral veins exposed 
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Apparatus A new pipet, similar to that used in last experiment, but gradu- 
ated and arranged for mouth aspiration with sterile cotton air-filter A sharp 
tapered cannula was used as in Experiment 3 hut was cemented mto an asbestos 
stopper This was made by winding very thin asbestos tape, 1 inch wide, about 
the shank of the cannula as a core The fiber of the asbestos was hound centrally 
and marginally by impregnation with a solution of sodium silicate, and medium 
size asbestos twine was used as an outer bmding The apparatus was coated 
with paraffin mixture 10 

One hundred c c of blood were transfused from the jugular vein to the 
femoral The trnsfer was easily effected except for dripping blood when enter- 
ing the second vein The time of operation was approximately six minutes The 
same amount of blood was remoied from the femoral and partially discharged 
into the jugular, some difiiculty was experienced in entering the vein due to the 
sharp cannula, insufficient exposure of the blood-ressel and obscuring of the field 
by dnppmg blood The dog nas killed at the end of the experiment The same 
vems were used as in Experiment 3 with this dog, and necropsy showed them to 
be entirely patent and with no evidence of thrombosis 

Clinicai. Tbiai,, Case 2 — March 16, 1913 G S , a girl aged 10, was admitted 
to the hospital March 2, 1913, with severe scarlet fever of a septic type There 
was a profuse nasal discharge and pronounced angina A throat culture was 
negative for Klebs-Loeffler bacilli March 5 130 c c. of antistreptococcus serum 
were given without effect The patient became rapidly worse, and on March 6, 
the condition bemg desperate, it was planned to make a transfusion with the 
blood of a convalescent scarlet-fever patient who volunteered for the purpose 
One hundred and fifty cc of blood were quickly and without difficulty removed 
from the median basilic vein of the donor, and an attempt was made to trans- 
fuse this into the median basilic vein of the patient This latter blood-vessel 
was insufficiently exposed to view and took a turn just aboie the upper 
extremity of the skm incision Dnppmg of blood from the cannula further inter- 
fered with the accurate introduction of the cannula, which was a sharp one, and 
the vein was completely penetrated several times before its canal was finally 
entered About 20 c c was eventually delivered, and although the blood remam- 
ing m the cannula appeared perfectly fluid, the length of time which bad elapsed, 
about fifteen minutes, made it seem somewhat risky to continue the procedure 
beyond that time A further mjeetion of blood was therefore abandoned The 
blood clotted in the cannula at about mneteen mmutes, and began to clot in 
the cylinder at twenty-two minutes 

There was, of course, no effect to be anticipated from so small an amount of 
blood, and the operation had to be reckoned a failure The patient died March 7 
and no necropsy was allowed The apparatus used in this operation was the 
same as noted under Expenment 4 

Espebuiext 5 — ^Jlarch 17, 1913 To test actwn of cannula sleeve as an 
improvement in technic — ^Dog 4, male, 1165 kg Ether anesthesia Aseptic 
precautions Both femoral veins exposed 

Apparatus a 200 cc graduated pipet with a special tapered cannula Par- 
affin coating, mixture 10 An elastic cannula sleeve was contriied by using a 
piece of fine rubber tubmg 1 cm m length This was held by clamping it Ion 
gitudinally m a Carrel serrated clamp, and it was dipped m sterile liquid paraffin 
prior to use 

The right femoral ACin was entered with the sleeve in position proximal to 
the shoulder of the cannula, and 140 cc of blood vas aspiiated as fast as could 
be obtained from the vein As the cannula was rcmoied the cleeic was pushed 
into a position distal to the shoulder thus covering the opening of the cannula 
No dripping ensued The cannula was now entered as far as the sleeie through 
the wall of the recipient aein the sleeie was retracted proximally to the 
shoulder and the cannula pushed on into the vein up to the shoulder, allowing 
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the escape of only a tew drops ot Wood Oae handled and tlnrtrfi« « = 
wore allowed to run from the pipet by grartty assisted by gentle Wowing The 
time of transfer -was four minutes fifteen seconds ^■o ligatures -were necessary, 
the skin was sutured and a collodion dressmg apphed The dog was aUowed 
to come from under the anesthetic and made a good recovery 

Observations on the coagulation time of the blood in this experiment will be 
found m Table 1 


TABLE 1 — Bixiod CoAGxrLATioJr Txme Expeboiext 5 



Temp C 

Time 

Occurrence of Clot 

Frebminary coagulation time 

37 

37 

2' 30" 

2' 45" 

ISTone 

Firm 

Blood dnpping from cannula 

37 

20" 

Isone 

after withdrawal from vein 

37 

V 00" 

Partial 

7' 35" 

37 

1' 10" 

Firm 

13' 45" 

44 

30" 

None 

44 

1' 15" 

Partial 


44 

r 30" 1 

Firm 

18' 35" 

43 

roo" 

Very sbght 

43 

1'45" 

Partial 


43 

2' 15" 

Firm 

21' 

42 

1' 00" 

Partial 

42 

1'30" 

Partial 


42 

2' 00" 

Firm 

25' and 30' 

Blood still dripped from cannula, coagula- 


tion time not taken. 


35' 

Blood did not dnp from cannula, but could 


be easily blown through 


It should he noted in regard to these determinations, which were by the Biffi- 
Brooks method that the loopfuls of blood obtained for observation varied con- 
siderably in volume, owing to the fact that the blood was of necessity allowed to 
drip from the cannula on the platinum loops, instead of being collected m the 
usual manner by passing the loops over the blood This, of course, invalidates the 
accuracy of this method for determining the clotting time of blood dripping from 
the cannula The application of the cannula sleeve in this operation was found 
very satisfactory and effective 

Bxpra’tJCEXT G — April 1, 1913 Illustrating error of technic in coating — Dog 
5 male, 13 G kg Ether anesthesia Aseptic precautions Both femoral veins 
exposed 

Apparatus a 200 c c pipet and a 150 c c pipet provided with tapered can- 
nulas and cannula sleeves as in Expenment 5, and coated with paraffin mixture 
10 After the second coating both cannulas were briefly heated over the free 
flame of a Bunsen burner to reduce to a minimum the amount of wax within 
tlicir lumen (This was later recognized as an error of technic ) 

A preliminarj test of the dog’s blood gave a coagulation time of one minute 
thirtv file seconds at 37 C (98 6 F ) by the method of Dale and Laidlaw This 
method was clio=en as being best suited to the conditions of the investigations. 
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and was especially satisfactoiy on account of the sharply defined endpoint of the 
determination 

With the first pipet about 60 cc of blood were removed from the right 
femoral vein and injected into the left femoral vein Clotting occuried shortly 
aftei the introduction of the cannula into the recipient vein The clot was 
lemoved, and at eight minutes the injection wms lesiimed, and all but a small 
remainder was delivered w'lthout further clotting At nine minutes the coagula- 
tion time of the blood reserved in the pipet was one minute twenty five seconds 
at 37 C (Dale-Laidlaw) 

With the second pipet a second transfusion was attempted from the right 
femoral to the left femoral veins, and clotting again occuiied in the cannula 
shortly after its introduction into the recipient vein This clot -was removed, and 
about 80 c c of blood were injected into the vein at four minutes, the remainder 
being reserved in the pipet for observation At eight minutes the coagulation 
time of blood dripping from the mouth of the canula was found to be one 
minute twenty-five seconds at 37 C (986 3?) Bertveen nine and ten minutes it 
was found that the blood had again clotted in the cannula, but that in the cylinder 
remained fluid for more than thirty minutes Some of this ivas removed from the 
cylinder at thirty minutes and tested for coagulation time It was found to be 
in two minutes ten seconds at 30 C (86 P ) * The wounds were sutured, dressing 
applied and the dog allowed to come from under the anesthetic Good recovery 

Evpeeiment 7 — April 3, 1913 To test the corieciness of concliisious from 
Expenment 6 as to techmc of coating — ^Dog 5, male, 13 6 kg (dog used in expeii- 
ment 6) Ether anesthesia Aseptic precautions Both evternal jugulai veins 
used 

Apparatus Two pipets of 120 e c and 200 c c capacity, respectively, provided 
with tapered cannulas, carefully coated at the pioper tempera tuies and without 
flaming, paraflin coating 12 

The right jugular vein was entered against the current and about 80 cc of 
blood were lemoved and transferred to the left jugular vein with the cunent, 2 
to 3 c c being allowed to remain in the pipet The time of transfer was tw o 
minutes ten seconds Preliminary coagulation time w’as one minute thirty sec 
onds at 37 C by the Bifii-Brooks method, one minute twenty seconds by the 
Dale and Laidlaw method at the same temperature At sixteen minutes aftei 
removal from the vein the blood remaining in the pipet was allow^ed to diip from 
the cannula and the coagulation time was found to be one minute twelve seconds 
at 37 C by the Dale Laidlaw method 

The left jugular vein was enteied with the second pipet, against the current, 
and 150 cc of blood were removed All but 4 or 5 c c of this was transferred 
to the right jugular vein The blood was withdrawn from the vein as rapidly 
as it would flow, the time being one minute forty seconds The heart’s action 
became coincidently very much accelerated, as also the respiration The blood 
was more slowly introduced into the light jugular vein to avoid ovei distention 
of the right auricle The time was three minutes fortv five seconds The amount 
was 145 c c The total time of transfer was five minutes thirty seconds Dm mg 
the reintroduction of the blood the pulse and respiration fell to about the same 
rate as befoie its removal Coagulation time of blood dnpping from the cannula 
after the operation was as follows 

At 6 to 7 minutes after withdraw al from vein 

1 minute 10 seconds to 1 minute 30 seconds at 37 C by the Biflii Brooks 
method 

1 minute 10 seconds at 37 C by the Dale-Laidlaw method 

At 18 minutes the coagulation time was 40 seconds at 37 C bj the Dale 
Laidlaw method 

4 Corrected for temperature according to Burkei’s curve for human blood’ 
this would be one minute forty four seconds at 37 C 
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M 25 roimilcs the blood bad dotted in the cannula, but was still fluid in tlie 
cylinder 

Observation of tlic blood remaining in tbe pipet was not continued after 
twenty five minutes The dog was killed at the end of the expeiiment Necropsy 
showed a skin infection of wounds in the groins from former operation The 
icinoral veins used in the previous transfusion were patent and contained fluid 
blood 

EvrnniMrNT 8— April 7, 1913 To test iwthei the comparaUve effects of 
pioper and impToper wethod of second coating Dog 6, male, 11 kg Ether 
anesthesia 

Apparatus same as used in. the last experiment Two pipets used Pipet 1 
received eaieful attention in its second coating, especially as to proper tempera- 
tuie (GO to 61 C , 140 to 141 8 F ) Pipet 2 received its second coating improp- 
ci ly as in Experiment 6, the cannula being gently heated over a free flame to 
allow the excess of paiaflm to be blown out 

Both femoral arteries and cxteinal jugular veins were exposed Using Pipet 1, 
200 cc of blood W'ere taken fioin left femoral aiteiy in one minute twenty sec- 
onds, the aitery was clamped and one minute later the cannula was introduced 
into the left jugular vein All but 8 cc of the blood was injected, time, three 
miinites foity seconds Total time of transfei six minutes foity-five seconds 
Pieliminary clotting time of dog’s freshly shed blood was one minute twenty 
seconds at 37 C by the Dale Laidlaw method At thirty-four minutes forty-five 
seconds the blood reseived in the pipet for observation dripped from the cannula 
w'hen the sleeve was leti acted, and its coagulation time at 35 6 C was forty 
seconds (Dale Laidlaw) At foity-tivo minutes forty -five seconds blood still 
diipped from the cannula when the sleeve was retracted, and its coagulation time 
was 30 seconds at 35 to 36 C (95 to 968 P ) by the Dale-Laidlaw method At 
fortj four minutes forty-flie seconds the blood had clotted in the cannula, but 
was still fluid in the cylinder, and remained so until sixty minutes forty -five 
seconds, when it had just started to clot 

\\ ith Pipet 2, 215 c c of blood were taken from the right femoral aitery in one 
minute fifteen seconds, and the greater part of this was transferred to the light 
jiigulai vein The total time was five minutes forty-five seconds At ten min- 
utes the blood had clotted in the lumen of the cannula The clot was removed 
at foul teen minutes forty-five seconds, and the blood which then dripped away 
clotted in tw'enty seconds at 37 C (Dale-Laidlaw) The blood again clotted in 
tlie cannula immediately, but remained fluid in the cylinder until twenty-two min- 
utes, wdicn it began to clot The dog was killed at the end of the experiment 

ExrnmiiirNT 9 — April 16, 1913 Illustrating effect of tiauma hy stretching 
and abrasion of intima — Dog 7, male, 6 6 kg Ether anesthesia Aseptic precau- 
tions The same apparatus as used in Expeiiment 8 Preliminary coagulation 
tune at 37 C, one minute twelve seconds by the Dale-Laidlaw method Eight 
femoral and saphenous veins exposed A part of the latter was selected for entry 
which appeared about half the diameter of the cannula This was, nevertheless, 
(Msih entered by stretching and about SO cc of blood were slowly aspirated 
The slow' withdrawal of blood was due to the small size of the vessel and the 
pionounccd lahc action of the stretched wall against the mouth of the cannula 
Tlie cannula was remoAcd fiom the saphenous vein at five minutes tw'enty sec- 
onds, and was then intioduced into the femoral vein No blood W'ould pass and 
the cannula was immediately withdrawn and found to contain a long clot The clot 
was lomoicd with a small forceps and the cannula again introduced into the 
femoial rein at nine numites tliiity seconds after entry into first vein Half the 
amount of blood in the pipei, about 40 cc, was then injected and at ten minutes 
ten seconds a second clot foimation occurred which blocked the cannula Thn 
was reinorcd with difiicultr, and no attempt w'as made to inject the blood remain- 
ing 111 the pipot The rein punctures were ligated with fine catgut and the wound 
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closed in the usual manner with a collodion dressing The dog was allowed to 
from under the anesthetic and made a good recoverj^ 

At twelve minutes after first withdrawal from the vein the Wood remammo- in 
the pipet showed a single string of fibrin, and the blood in the cannula had again 
clotted At twenty-five minutes there weie several long stiings of fibrin appar- 
ent on rotating the pipet, but the rest of the blood was still fiuid At thirty-four 
minutes a solid clot had formed 

Expeeiment 10 April 22, 1913 To confirm the conclusions from last experi- 
ment — ^Dog 7 (dog used in Experiment 9) Ether anesthesia 

Apparatus is that used in Experiment 9 Two pipets with sharp pointed 
tapered cannulas Paraffin mixture 24 

Preliminary clotting time of dog’s blood forty six seconds at 37 C (Dale 
Laidlaw) Left femoral and internal saphenous veins exposed, also both external 
jugulars 

With Pipet 1 having a larger tapered cannula, about 160 c c were taken from 
the right external jugular, against the current, in two minutes ten seconds, and 
about one-half of this was injected, against the current, into the left external 
jugular in one minute thirty seconds The total time was four minutes No 
difficulty was experienced The blood dripping from the cannula was tested 
as follows 

At 9 minutes 30 seconds the coagulation time was 20 to 25 seconds at 37 C 
At 34 minutes the coagulation time was 1 minute 2 seconds at 34 C (temper 
ature correction negligible) 

At thirty-four minutes there was some fibrin formation apparent in the blood 
in the cyhnder, although the bulk of it was perfectly fluid At forty minutes 
the blood in the cannula and cylinder had clotted firmly With Pipet 2, which 
was fitted with the smaller tapered cannula, the left internal saphenous vein 
was entered This vessel was much smaller in its normal diameter than the 
cannula, and the conditions of Experiment 9 weie closely simulated, that is, the 
distention and flapping of the vein-wall against the mouth of the cannula 
Aspiration was very slow, about 50 cc of blood being obtained in eight minutes 
fifteen seconds A very small portion of this blood (about 10 ce ) uas injected 
into the left jugular, and at nine minutes thirty seconds the flow was stopped by 
a clot in the cannula There was also observed at this time slight evidence of 
fibrin formation in the fluid blood remaining in the cylinder At nineteen min 
utes thirty seconds the blood in the cylinder was still fluid, but v ith more strings 
of fibrin At thirty-two minute? the blood was still fluid, but there was much 
fibrin formation Observation was not continued further The dog was lalled 
at the end of the experiment 

Expeeiment 11 — April 28, 1913 A variation of the last two experiments to 
determine the effect of mahing the recipient vein the traumatized vessel — ^Dog 
8, male, 9 5 kg Ether anesthesia Apparatus, two pipets ns used in Experi- 
ment 10 Paraffin coating 24 Preliminary coagulation time of dog’s blood one 
minute seventeen seconds at 39 C (102 2 F ) by the Dale-Laidlaw method Right 
femoral, left internal saphenous and both external jugular veins were exposed 
Pipet 1 was introduced into the right jugular vein and 220 c c of blood with 
drawn in one minute forty-five seconds One minute elapsed in transferring to 
the nght femoral, and 200 c c were injected into this vessel in one minute forty 
five seconds, making the total time of transfusion four minutes thirty seconds 
Both tributary and recipient veins were of ample size and no hindrance was met 
Observations on coagulation of the 20 cc of blood remaining in the pipet were 
as follows 

At 21 minutes 22 seconds, flowed from cannula Fluid in cylinder, no fibrin 

Coagulation time 1 minute 55 seconds, 37 C 

At 25 minutes, clotted in cannula, fluid in cylinder, with some fibrin formation 
At 35 minutes, clotted in caniila, fluid in cylinder, with much fibrin formation 
At 38 minutes clotted in cannula, firm clot m cylinder 
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Pipet 2 was intioduccd into llie left jugular ^CIn and 200 cc of lilood 
wntlidraivn in thice niinutcs fortv-five seconds The internal saphenous lein 
selected foi the lecipient \essel was icry small and was much traumatired and 
distended in effecting an entiance AVhen the canmila was in place it was found 
that the blood could not be ficely injected, e\cn with considerable pressure At 
eight miinites fifteen seconds the nistnimcnl was witluliawn and another iinsuc 
cessfiil attempt was made to inject the same leiii at a more proMiiial point This 
also peimitted too slow a dclncr^ on account of the small si/c of the M-ssel, and 
at nineteen ininuies the rein was penetiaicd at its junction with the femoral, 
where thcic was a ficc opportuniti for discharge and about l.'iO ec of blood 
wcie then delneicd fiom the pipet At twent\ three minutes thlrt^ seconds the 
blood was found to haie clotted in the cnmnila and there was considernble fibrin 
formation in the cylinder At twcnt^-fl^e minutes moie fibrin appiared and at 
thiita thice minutes a firm clot c\istcd The dog was KiHid at tlie end of the 
experiment Kecropsr showed no blood clots in the right heart or in the pulmo 
narv arteiics 

CuMCvi. Trim. Casr 3 — April 1^13 K a bo\, ag(d 11, had ostco 
myelitis of the femur with general staphjlococcus cejitieemin, which had run a 
chronic coiiisc since his admission to the hospital and an operation six weeKs 
prcMOUsly Tcmpciatuie reached 102 to 10.1 T daih Hemoglobin 30 jier cent 
Staphylococcus auicus was obtained from the blood culture An uncle had been 
immunired with xaccincs dcined from the infecting organism of the pitient for 
the purpose of transfusing the staplnlocoeeus inimiinc blood The donor’s and 
recipient’s median basilic xcins were exposed under local anesthesia and trans 
fusion earned out with apparatus as used in rxperiiiient 11 Om biiiidred and 
fifty cc of blood were lomoicd in two minutes fiftx scLonds. and 100 re. of the 
amount were injected in nine minutes 'Jhc recipient’s xein was umistmlh small 
The total time was thirteen minutes fiftx seionds ’llie blond nmaining in the 
pipet, rcscning a xcix little for obscrxation. was allowed to finw on sterile gau/e 
for local application to the suppurating sinuses At twintx minute^ there was 
cxidcncc of clot formation in the cannula and a few slinds of fihnn could he 
seen on agitating the blood rcinnining in the cxliiuler, nt twenlx six minute'' 
there was a fairlx firm clot in both cxlmdei and cannula Max 9, ten dnjs later, 
the patient’s hemoglobin was 80 per cent, teinperalnre practicallx normal and 
local condition iniproxcd 


DI.SCUSSION or jtrsuLis 

In the prelnninaiy pait of the expeiimenlal woik, tha( is, up to 
Experiment 5, the main requiiemcnis of an cnicient appainlns mcic 
realized These essential featuics aie (o) ngid pipet, niinngcd foi 
pneumatic aspiration and discharge, toiminating iii a iapcicd cannula 
with, a smoothly w’alled channel, the point of the cannula licing conical 
m shape and having an opening of suflicient sj/e to proxido a lapid flow' 
of blood, (&) a smooth unhioken coaling of a siiitablo paiaflin mixture 
throughout the apparatus, (c) a means of closing the opening of tlie 

cannula at will, supplied by the obturating sleeve as described in 
Expel iment 5 

In the course of fuithei experimcniation it w'as found tliat thcie 
w^ere several errors of technic xvliich mateiially aflected the biiccc.ss of 
the operation, and which by proper attention could be avoided The fn si 
of these enors was in the matter of coating the appaiatus In Expen- 
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ment 6, the clotting in the cannula was a bad feature and was evidently 
due to heating the cannula over the free flame after the second coating 
In Bxpeiiments 7 and 8 this question was further tested and the con- 
clusion was reached that a fairly low temperature at the second coatmg 
IS essential in order to insure an intact wall of paiatfin in the channel of 
the cannula, without which there is a tendency to clot formation in the 
cannula and also, to some extent, in the cylmdei above 

TABLE 2 — ^Blood Coagulation Time in Clinical Cases 1 to 3, Ajsd 
Expebiments 5, 7, 8, 10 and 11* 


Case and Experiment 
No 

Time of Occurrence of Clot 
Formation in Caninila 

Time of Occurrence of Clot 
Formation in Cylindei 

Clinical Case 1 

15 to 20' 

21' 

Clinical Case 2 

19' 

22' 

Dog 4, Exp 5 

35' 

Aftei 35' 

Dog 5, Exp 7 

( Transf B ) 

25' 

Still fluid at 25' 

Dog 6, Exp 8 

(Transf A) 

44', 45" 

60', 45" 

Dog 7, Exp 10 

(Transf A) 

34 to 40' 

34 to 40' 

Dog 8, Exp 11 

(Transf A) 

25' 

38' 

(Transf B) 

23', 30" 

33' 

Clinical Case 3 

20' 

26' 


* In lible 2 aie placed the lesults of observations on the peiiods of time -which 
elapsed before coagulation of the blood in the cannula and in the cj Under in those 
instances in which the conditions of the experiment can be considered normal, 
that IS to say, in ivlnch no speci il factors n ere introduced to influence an earU 
clot formation 

It was also demonstrated in Experiment 8 that aiteiial blood can be 
very quickly obtained by this method Whether this would usually neces- 
sitate clamping and tjung of the artery, or whethei the rent in the 
arterial wall can be lepaiied so as to pieserve a functionating vessel as 
with a ^eln, we are, so far as oui expeiience goes, unable to say, but we 
believe that the use of arterial blood may prove to be a valuable applica- 
tion of the method in clinical piactice 

Another important error, illustiated in Experiments 9, 10 and 11, 
was the mistake of inviting clot formation by allowing an undue access 
of thromboplastic substance from stretched and broken tissue In 
Experiment 9 the small donating vein was considerably stretched, and 





U S SATTEULEE—Ji HOOKER 


73 


its intima was piobably fiiitbei clamagccl by flapping against the cclgc'^ 
of the mouth of the cannulaj with the lesult of an cailv and lopeaicd clot 
formation In E\peiiment 10 the blood from the iiaumali7od \cs=el 
shoued evidence of fibiin foimation in the pipe! at nine m!nute= tliiil> 
seconds as against thnty-foui minutes in the contiol opeiation mIicic 
no tiauraa 'll as induced In Bxpciinicnt 11 the tiaumati/ing of tlic 
lecipient ^eln, on the otliei liand though doubtless leading to a liberation 
of thiomboplastinj did not produce the call) clotting eflof I in the cannula 
which Mas obscned Mhen the donating \cin Ala's the iniuiod ac's'soI 'Phe 
most piobable explanation of this ob'senation is that the cm lent of out- 
floAAing blood from the cannula earned aA\a} fiom the in'-tiumont into 
the ciiciilation an} thromboplastin aaIiicIi maA ha\e been fonned at the 
site of puncture 

It IS noticeable that thcic i*: a con^ideiable lange in the peiiod of 
fluidity the Aanation being fiom nineteen to foitA-fiAc minute'- in the 
cannula and fiom IwcntA-ono to "ixIa minilie's in the cilindei 'I’he 
cause of tins vaiiation is a mattei of speculation, hut the mos| jdaii'-ible 
explanation Mould seem to be that Ihcie aic difToieme*' in the deirite 
of manipulation and tiauma incidental to each case .md that tliete 
ditfeieiiccs lesiiltcd in a Aanation of the amount of tliiomboplasjin 
=et flee Among othei possible faetois it innA be sunni'-ed tliat the 
\asciilai tissues of some animaK arc nioio fiiable ihaii olliei'- and 
that the thiomboplastic substance in the tissue hinpli of come indnuluaK 
is more abundant oi moie actiAc than m othei « It should aKo be noKnl 
that in Dog G, Expcninent S, Tiansfusion \ the comjiaiatiAch long 
peisisteiice of fluidit} may ha\c been due to a sft of factois peciiliai to 
this expeiiment, namely, that the Acccel punctmed was an nrten. the 
blood aitenal, and the speed Mith mIikIi it was obtained wn'- acia much 
gi eater than in the othei expeiimcnts 

COXCLU&IOXS 

Geneially speaking, a caieful technic in the mctliod of tiansfiision 
heie described is of pai amount impoitnnce, and ‘-hoiild be based on tno 
mam pimciples The fust is that thcie shall be no lapse of the paialTm 
coating to act as a staiting-point foi the aiiest and dismtegiation of 
the foimed blood elements, oi in MhalcAei other Ma> such a nioistenahle 
point may act m initiating a foimation of tliiomboplastm 'Fhe second 
IS that there shall be the least possible mjuiy to the tissues of the donat- 
ing vessel which are exposed diieclly to the tiansfeiied blood, Ic'-t thoio 
be, through such injuiy, an admixluie of thiomboplastin libciated uitli 
the tissue juices The necessity foi caie in guaiding against these tuo 
liabilities constitutes the one factoi Avliich militates against the simplicity 
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and wide usefulness of the method, and it must therefore be consideied 
a disadvantage The practical advantages may be summed up as follows 

1 An apparatus has been contrived which is compact, which may be 
easily and precisely manipulated with one hand, and which may be 
piepared in readiness for immediate use in an emergency 

2 The operation may be easily performed by a single operator with- 
out skilled assistance, and the requisite facility in surgical technic is 
possessed by anyone who is able to perform an ordinary intravenous 
saline infusion 

3 The arrangement for pneumatic aspiration and discharge of the 
blood affords a delicate and convenient means of control 

4 The use of the special stylets for puncturing the exposed vein-waP 
insures an entrance of the cannula on the first trial, and by this method 
only a small skin incision is necessary The vessels used are neiiher 
divided nor tied off and the puncture hole is very small, so that subsequent 
function IS unimpaired 

5 The flow of blood in the donor’s and the recipient’s veins is not 
interrupted at the site of operation, and the danger of clot formation in 
clamped vessels is therefore not encountered 

6 The amount of blood transfused and the rate of flow can be 
accurately observed 

7 The donor and recipient may be separated by any convenient dis- 
tance, and the risks of tearing apart are eliminated 

8 The materials of the apparatus are glass, silver and asbestos, all 
of which can be sterilized by dry heat in an autoclave or in an ordinary 
oven 

In a more extensive test of this method of transfusion under varying 
clinical conditions, modifications of technic maj'^ be advisable As the 
aim is to perfect a method of wide usefulness to the general practitionei, 
there aie certain improvements still to be sought in the way of greatei 
simplicity and facility For instance, it would be desirable to work out 
a means of using the apparatus safely without a double paraffin coating, 
or possibly to dispense with a complete coating of the cylinder by a 
preliminary flushing of the whole apparatus with a solution of hirudin 
m normal salt solution An improvement in technic would be realized 
if a simple device were provided for coveiing the mouth of the cannula 
during its passage into the donor’s blood-vessel, so as to afford protection 
from contact vith broken tissue at the point of puncture From the 
indications of work already done toward this end, it is not improbable 
that some such improvements can be worked out Meanwhile we belieie 
that the results of our experiments hare been of sufficient inteiest to 
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report^ and that the method so fai developed should ha^e a more exten- 
sive clinical trial to determine its usefulness 

We \Mslx here to e\prcss our thanks to Professor Froclcric S Lee for liis kind 
interest in our v,ork, and for \ahiahlc suggestions in the preparation of this 
paper 

175 Enst Se^enty First Street 
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THE COHDITIOH OE THE BLOOD IH HEMOPHILIA 
THEOMBOSIS AHD PUEPHEA ' 

H HOAVELL, MD 

BALTmOKE 

Duiing the past two leais I hate made s;ystematie examinations of 
the Wood m patients suffering from various forms of diseases of the 
hloodj hemorrhagic and thrombotic, with special reference to the varia- 
tions in the amount of antithromhm and prothrombin The most sig- 
nificant results hat e been obtained in cases of hemophilia and in so-called 
idiopathic 01 spontaneous thrombosis The chief object of the present 
paper is to report the findings m these two latter conditions 

IIETHODS 

The specimens of blood used for examination were obtained in all cases from 
one of the superficial teins of the arm by means of a graduated syringe (Luer 
form) The stringe uas sterilized pretiously with boiling water and before insert- 
ing the needle into the vein it uas filled with sterile salt solution (sodium chlorid 
0 9 per cent ) by partiallv filbng the syringe and then expelling the solution so 
as to leaie the needle full The object of this precaution vas to aioid the bubble 
or two of air in the needle uhich otherwise interfered with the accuracy of the 
reading of the amount of blood taken Usually 8 c c of blood were taken for each 
experiment and as soon as possible the portion to be examined for antithrombiii 
and prothrombin, namely, 4 cc, was emptied into a centrifugal tube containing 
0 5 cc of a 1 per cent solution of sodium oxalate (made up in a 0 9 per cent 
solution of sodium chlorid) After mixing by inverting the tube tbis specimen 
was centrifugalized at a high speed to obtain a clear plasma The plasma, which 
in human blood is alwajs deeply colored, yellowish green, was pipetted off and 
examined as follows 

AiiUthrom'bin — To determine the relatne amount of antithrombm in the 
oxalated plasma of the patient it was compared always with a similar specimen 
taken at the same time from a normal person Tlie two plasmas were heated in 
a water bath slowlv to just 60 C At this temperature (53 to GO) the fibrinogen 
is all precipitated and the thrombin and prothrombin are destroyed, while the 
antithrombm on the contrarv is not affected, or at least is affected as little as 
possible consistent with the necessitj of remoMng the fibrinogen and thrombin 
Onlv at temperatures abo^e 05 C does the antithrombm show a distinct diminu 
tion in strength 

To test the antithrombm in the heated plasmas thcv were added m known 
amounts to varying mixtures of thrombin and fibrinogen The thrombin was 
prepared in quantity by a method previously described’ and was kept m dn con 
dition in watch crystals, each crystal containing the same amount Tor each test 


’From the Phvsiological Laboratory, Johns Hopkins Unnersity 
♦ Submitted for publication Xo\ 24, 1913 

1 Howell Am Jour Phvsiol 1910 xxm 453 For modification “ee al=o 
same 1913 xxxii 2G4 
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the contents of one of those cr\=tals %\iis dis'^ohcd in ViJiIct (4 to Sec) lor 
fibnnoiien solution'^ I hnso not found it conicnicnt to use ®o coiled pure fihrinopen 
prepared bv the inetliod of lIaninior=tcn, ‘■incc it is not po==iblc b% this method to 
obtoin solutions of uniform coneenlration or properties 'Iho repf'oled prtcipito- 
tions of the fibrinogen denoturcs it in port In place of such solutions I lioif 
used the oxolnted and dio.l\/ed blood jdi'uio of dogs or cot's To get thi'- motfriol 
0 f^stin" animal nos hied into an ovolotc =olution nine port- of blood to one pirt 
of o 1 per cent solution of sodium o'colotc mode up in =odium chlond, OH per cent 
This mixture nas ccntnfugoli7cd tlic plosmo nos pipetted off and the a\ce-s of 
oxalate ivas remoicd by dialiring in collodion tubes for tnento four hour- orrnu'-t 

0 solution of sodium chlond 0 0 per cent The plo^mi thus obtained does not clot 
spontancouslx hut coogiilotcs promptU on the addition ot a little throrihin \ 
large quantitx* of this motenol nos prrpircd from one onmiol and it \ >- drud 
in V o.tch crosto!= 3 to 5 c c to a cr\stnl in a currnit of cold air from an dec 
trical fan When needed the contents of one or more of thr-e cmstals v ’s dis 
solved in a knmvn amount of a 0 0 per cent solution of -olium chlond Tin so\u 
tion obtained is quite clear In the tests desrnl^ed In Ion the-c - diition- of driM 
plasma v ill lie spoken of as fibrinogen solutions fen drops of this solution nlnn 
mixed with 2 3 4 and 5 drops of the thrombin solution clotted in from tno to 
fiae minutes To determine the antithrombin in the heued oxalai. d pla-mas 
f. escribed abo\e the follow ing mixtures •were made 

1 10 drops fibnnogcn sol -f- 1 drop heated plisma 2 drop- tliromhin solution 

2 10 drops fibrinogen sol + 1 drop heated plasma 3 drops ih''Oinhm solution 

3 10 drops fibnnogcn sol 4- 1 drop heated plasma -f 1 drop® thrombin solution 

4 10 drops fibnnogcn sol I drop heated pln=ma ”> drops thrombin solution 

Inasmuch as the effect of '’ntithromhm on thrombin ^ irn- gre \th with the 
time allowed for their interaction it js nec(=sar\ m thrsc etprnment- to add first 
the drop of hcatcaf picsma fo the 2, .3, } ind .3 dn ps of thrombin solution md to 
allotv these mixtures to stand for a defimtf tinu licfori addins: tin solutions of 
fibrinogen Tlic time internal adopted in all m% C'ponn-ents for tais nction of 
the antithrombin and thrombin was fiftnii minute- nud circ was tiWn to -re 
that this intenal was identical withiu a socond or two in all cmnpirati.e te-t- 
At the expiration of the fifteen nmuitis the fihnnogcji -ohilion \ as odd'-! ind 11 k 
time of coagulation of each specimen was oliseried 3 iu mount of ''ntithro.nbin 
contained in one drop of hcat«d normal pl-sjm uns cufijcjent, m the s'dut;ori<- 
used, to delai the action of two drops of thrombin on th< fihnnoern u-ualU fn*- !» 
hour or more or to preient clotting allogcthrr Tn tin spcmini a- c<>n\\win's 
3 4 and 5 drops of thrombin the dclaa was ])roportioualK loss muked ihr -pim 
men containing 5 drops of thrombin clotting usualh in fiat minute- It i- eas\ 
h\ this method to determine the rclatne amounts of uitithromhin in diflrrmt 
specimens of blood In bird's plasma or tlie phisma from i j>cj)tnin/( d dog the 
antithrombin cxi-ts m relatiiclv large amounts so that a orop of the hcited 
plasma may inhibit completch the action of -ueb .iTnount- of tbrombin i- m la re 
considered 

In determining the time of coagulation in Uic di/Torenl sj»ecimcri= the tuhe- 
contaimng the mixtures were examined, u-iulK at inUraals of fi\e minutes, bi 
gently inclining the tubes When the thrombin was m distinct excess the con 
tents of the tubes set to a firm clot, but when the thrombin a* as jic irla neutral 
izea by the antithrombin it was difilcult or often impossible to ascertain wlirn 
clotting occurred, Fince under such circumstances the clot forms in several -f i^o- 
First, a delicate veil which on agitation shrinks to a small membrane while hter 
a more solid gelatinous clot maj form 


2 Tlie solutions of thrombin should not he filtered s,nce the tlirombin i- 
absorbed to some extent hv the filter paper 
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Specimens m winch the thromhin and antithromhin existed in this balanced 
pioportion were useless for comparative purposes, and in such cases it was neces- 
sary to rely on the specimens containing more thrombin in which the clotting 
occurred promptly ® 

By way of illustiation of the method, the results of one of the comparisons 
ina.QG between liemopliilic nnd normal blood may be quoted 


NOBMAI. individual 


Heated Plasma 
Drops 

Thrombin 

Drops 

Time Interval 
Minutes 

Fibrinogen 

Drops 

Coagulation 

Minutes 

1 

2 

15 

10 

160 

1 

3 

15 

10 

10 

1 

4 

15 

10 

10 

1 

5 

15 

10 

5 



HEMOPHILIC BOY 



1 

2 

15 

10 

* 

1 

3 

15 

10 

35 40 

1 

4 

15 

10 

15 

1 

5 

15 

10 

10 

Ho clot in 

seven hours 





This method has been applied to the examination of a very large number of 
specimens of human blood, normal and pathological It has been found that 
while the content in antithrombm of normal blood exhibits certain fluctuations 
the variations are not large and do not necessarily run parallel to the coagula- 
tion time, owing to the fact that this latter time depends upon the balance between 
the thrombin and the antithrombm In pathological bloods no significant con- 
stant variation in the amount of antithiombin has been detected except possibly 
in the condition known as idiopathic thrombosis 

Pi othromiin — ^In order to arrive at an idea of the relative amount or relative 
efficacy of the prothrombin in the plasmas examined I have adopted the pro- 
ceduie of adding to the oxalated plasma the optimum amount of calcium chlorid, 
that IS to say, the amount that causes the most rapid clotting This method was 
suggested by the observation that in a successful peptonized plasma (dog) 
addition of calcium chlorid does not cause clotting even when the plasma has been 
diluted previously with water If, however, such a plasma is first oxalated and 
then calcium chlorid is added in proper amounts, clotting occurs readily For 
some leason, not easily understood at present, the act of oxalating, that is, the 
decalcifying of the solution, intensifies the activation caused by the subsequent 
addition of calcium, so that the end result is apparently a greater production of 
thiombin, sufficient in fact to overcome the antithrombm and cause clotting The 
alternative hypothesis that suggests itself, namely, that the process of oxalating 
may ueaken the antithrombm, is easily shown to be erroneous In some way the 
decalcification and subsequent calcification serve to bring into active form the 
maximum supply of prothrombin present in the blood Whether or not this inter 
pretation of the reaction is correct the simple procedure described has brought 
out a very constant and striking diflerence between normal and hemophilic blood 
The reaction was cairied out as follows Five diops of oxalated plasma were 
placed m each of four tubes and to these were added in series, 2, 3, 4 and 5 drops 
of a 0 5 per cent solution of calcium chlorid, with the idea that m one of the 
tubes the optimum concentration of calcium would be obtained With the amount 
of plasma used clotting occurred first in the tubes containing 2 or 3 drops of 
calcium chlorid With one drop the clotting occurred slowly or not at all, owing 
to an insufficiency of calcium, while m the tubes with 4 or 5 drops the clotting 
was somewhat slower than in the tubes with 2 or 3 drops owing to too great an 
excess of calcium Tested by this method the clotting of normal blood plasma 
IS remarkably uniform, varying between nine and twelve minutes In the plasmas 
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of bemopliilic blood, on tbe contrary, tbc time of dolling is gicnlh piolongctl 
Tbis fact, indeed, bas been noted by Addis,"" allboiigb be docs not seem to bn\c 
used tbe reaction m any cxlensue nav I base cniplojcd tbe roaction, as described 
aboie, for a large series of bloods to Ihron light on tbe aniount or cfiicaci of (be 
prothrombin, when parallel tests base established tbc fact tliat Ibero is no lana- 
tion in the amount of antitbiombm in the bloods c\amiiiod 

RESULTS 

Puipiaa — ^At diffeient times m the coiiue of this work specimens of 
blood have been obtained fiom patients sniTenng fiom various forms of 
purpura, including one case of seveie purpura bemorrliagicn TJic iinio 
of coagulation of these bloods, vrben obtained by venepnnciuie, did not 
vary disimetty fiom noimal. and tbe content of tbc placmns in anli- 
tlirombin and piotbrombm uas also uilbin the hinils found foi noininl 
bloods It does not seem desirable at present to publish the dot 'ill': of 
these negative findings, since this paper deals o'^pccialh "dli hemophilia 
and tbiombosis Duke* has published some mlciosting ob'^cnation'- on 
cases of puipura bemoribagioa winch ‘^bow' that the coagulation time 
may be normal ivbile tbe bleeding time is grcatl} prolonged r.\ (be 
lattei term he designates tbe time that a small wound will continue to 
bleed, as determined by piessing against it a bit of filter paper at definite 
mteivals of time lie ha*! connected tbc inci eased blcedimr tune in 
purpura ivith a marked deficiency in platelet': in consequcnfc of which 
platelet thrombi fail to form m tbe wounded \c‘:‘:els woik ilnow': 
no light on this point, but it does domoiictinte that concic purpuia 
hemorrhagica may exist without any delectable abnolmallt^ in tbc 
factors conceined in tbe clotting of the blood The londenci to blccdiUET 
in these ca^es cannot be refeiied apparently to a deficient power of 
coagulation 

Hemophtha — I have bad tbe opportunity of exanmnng with oaic 
tivo cases of undoubted hereditary beiuopbilia and a third case of n 
young boy in which no history of inheritance could be obtained fi'be 
history of these cases is as follows • 

REPORT or CASES 

Cases 1 and 2 Joseph \ , aged 12 lonrs, and Jesse Y, aged 8 joars, «oi)s of 
Joseph Y of Baltimore, a Eus'^ian Jei\ The hemophilic tcmlcucv in these chil- 
dren nas inherited from the mother She slated that three of her Inntheis (Red 
from hemorrhage, one at 17 years of age as the result of an operation on the 
tonsils, one at G years from a cut on the face made accidentally by a plaMiiato, 
and one at the time of circumcision She stales also that a cousin, daugliter of 
her father’s brother, has marned and has hemophilic boys An cfTort to locate 
this latter family Mas not successful In the present famili of Joseph Y there 

3 Addis Jour Pathol and Bacteriol , 1911, w, 430 
mil ^**1^ '^"’***9 Hopkins IIosp, 

jnj9 •wm lAK * ^ ^ 
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are seven children, three boys, Joseph, 12 years, Jesse, 8 years and Fred, 5 jeais 
all maikedly hemophilic, and four girls none of whom have exhibited any tend 
ency to bleed Great difficulty from bleeding has been experienced at various 
times with the thiee boys All have suffered from serious hematomata due to 
accidents in playing Joseph at the time of circumcision is said to have bled 
foi a week At 4 years of age he was brought to the Johns Hopkins Hospital with 
hemoirhage caused by biting the tongue while eating an apple The hemorrhage 
at first profuse, lasted nearly a week It was partially conti oiled by cauterizing 
with lunar caustic Parents gave a history of bleeding spells in the hoy from 
slight injuries on four or five occasions The coagulation time as then recorded 
was only six to twelve minutes The method is not stated but probably the blood 
was taken by punctuie through the skin and the result is therefore not reliable 
He Ins been a patient at the hospital since this time on several occasions in con 
nection wutli joint troubles Fied wdien 3% years of age was taken to the Hebrew 
Hospital, Baltimoi e, on account of a persistent hemorrhage from the tonsils sup 
posed to be due to an accident Bleeding continued for several days and was con 
trolled finally or ceased finally after an injection of horse serum (8 cc ) 

In the experiments heie leported only Joseph and Jesse were used as thei 
wmi e old enough to come to the laboratory and could be used conveniently for the 
opeiation of venepuncture 


Case 3 — A H S , 4 years old, patient in the Harriet Lane Home of the Johns 
Hopkins Hospital Since his third month difficulty has been experienced with 
bleeding from small cuts and injuries of any kind have been followed by “black 
and blue” areas in the region involved At the time of admission to the hospital — 
Maich 25, 1913 — the child W'as very anemic red blood cells, 1,730,000, white 
blood cells, 15,300, Hb 33 per cent, platelets apparently normal, although no 
count was made Large purpuiic areas existed on light arm and leg, right shoul 
der, left tibia and right cheek Right arm, hand and shoulder much swollen, right 
leg also swmllen The child lemained in the hospital until May 1, 1913, and showed 
^ ery marked improvement A blood count made April 15, showed red blood cells 
4,270,000 , w'hite blood cells 13,000 and Hb 80 per cent On three occasions human 
blood serum was injected subcutaneously, on April 12, 10 cc , April 14, 14 oc 
and April 24, 15 cc Thiough the kindness of Di John Howland I was given an 
opportunity to examine the blood on two occasions, once, the day after admission 
to the hospital and once just before his discharge On each occasion the speci 
mens of blood were obtained for me by Dr W L Moss to whose kindness and 
skill I haae been much indebted throughout this work 


COAGUI/ATION" TIME OF THE HEMOPHILIC BLOOD 

The coagulation time was deteimined on specimens of 2 or 4 c c of 
blood obtained directly from the vein by means of the sterilized syi mge 
and expelled at once into wide tubes (diametei 21 mm ), which had been 
cleaned carefully with a bichromate acid mixture The clotting time 
was estimated up to the time that the clot w^as firm enough to allows the 
tube to be inverted Comparisons were always made with specimens of 
blood taken fiom normal individuals by the same method Tested by 
this method the time of clotting of normal blood i aries usually between 
twenty and foity minutes The time shown by the hemophilic blood at 
different periods was as follows 


Clot apparent in 3 hours, 
complete in 4 hours 
Clot apparent in 3 hours, 
complete in 4 hours 


No^ 2, 1912 


Joseph Y 
Jesse y 
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Doc 21, 1912 

Joseph y 


Jesse X 

Jan IS, 1913 

Jesse y 

April 19, 1913 

Joseph A’ 


Jesse Y 

April 2S, 1913 

Joseph Y 

,AInv 17, 1913 

June 14 1913 

March 2G, 1913 

Toseph A" 
Joseph A 
A 11 S 

Mav 1 I'^IS 

A TI S 


Clot nppnrcnt in *1 liour>i, 
conijiiclt in f) houre 
Clot apj^Tont in 1 lionr-, 
coinplolo in 5 lionrp 
Clot apparent in '1 houri, 
complete m 1 Iionf'* 

( lot app irenl in t Innir'., 
compieu in 5 liour' 
Clot .ipparont in 1 Imurp 
complete m fi lionr*- 
('lollotl iH’lwdn 2 nml 
ojf, hour* ‘ 

( lott” (1 in 'I’l- liouf 
Clotteil in 5 lunir*’ 

( lotted lv't'\< < n 2 ' ; tuid 
o liottr'i 

( lotti <1 Ui {•'O' n 8 iml ? 
lionr*- 


II i‘5 appal eiii from ilic'-e data iliai in the ihne c.“-( « \aimm <’ ih* te 
nas a marked dolav in the ‘'pontanconc coeenl itum of ih*' h' motihihi 
blood such as ha^ been lejiortod In ^eioral oilur f»b^<ner- So f’” a*- 
could be dctcimmod fioin the o'amin.'tion-. mad( of the hlmd of th- 
biolhot? Y CNtcnding otoi a period (if eieht month'- inm nt no 
iime an approach to noimnl and n> fat' but Intle indn toes i.i ,.nN 
canation The dtficncnt coatnihibihii w'l'- dm* in ‘.omi pi rm’im nl 
atiou in the prapertic'^ of the blood It t-: novcwortht in iH' n-e of 
A n S that in spite of the fact that he had rn/nid diirm ’ hi*- -n’t 
in tlie lio'pital tlireo injection*- of human t-enim and that M*- e<»n"il 
condition had intproted <=o tiicatU, the (oaunlalion tune 'it ih- oid v\a>- 
a® long oi longei than when he fn-i (ame into ih» ho-mtil In r< ' I’-d 
to the coagulation time of blood, ,t should he (mr>ha*-n{d th u . -<oj m u 
aii'^e ea^ilt if the technic of ohiaininc tlie ‘-necimen*- fnl^ in '*u\ r< "I’m ^ 
Con*5tant and leliahlc ic'-nltc are obtained onh in ihow> ni vhu'h 
the needle of the cMincre entor? the tein roadih on thr nr-t mmeime 
Wlien tlie tcin mi':‘-ed oi tiaimfiNod and the luiiun i*- found on)', ’'‘‘'or 
set oral tiial*:, theic i« a likelihood that the ‘•pemmni of hbmd in it t mi.i'n 
come ti'^'-iie-juice, and tlieieforo clot moie lapidh than u nmild alone 
Tins ctTect tin*: chottn ten di'^tinetlt on one fnea^-um with Jf-M Y On 
the ill el attempt the needle mmeed the tent, and onlt aftei <-e\irrtl tsial*^ 
wac it possible to tliatt abotil 2 c e of blood Y'lien emptied into a tuho 
this spopimon dolled in' ion miniiio= A cpc'eimm of See wa*- then 
obtained fiom the tcin of the othei aim The iochnu* wn*- good, and a 
specimen of 2 cc placed in a tube clotted in the UMtal lime, namdt. 
beltvcen foui and fnc hour*; 

K'o difficulty fiom hemoiihago wac expenciued in lakincr blood fiom 
the hemophilic patient, piotulcd the tein t\n= not wounded On two 

5 Ta this case 1 cc only was taken for otaniinaiioji, iiiid there is n proh 
alnhiy that some tissue juice was jm\etl with this fipcennen, since (bniciiHi was 
expencncGd in pettinp; into the vein 
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occasions when the needle did not enter promptly, and there was piohablv 
some laceiation of the vein there developed later a somewhat extensive 
pnrpnric area which persisted for a long period 

KFFEOT OF THROMBOPLASTIC SUBSTANCE AND OF CALCIUM ON THE 
CLOTTING OF HEMOPHILIC BLOOD 

As stated aboie, admixture with thromboplastic material of the 
tissues accelerates greatly the time of clotting On seveial occasions this 
lesnlt was obtained with the active principle of the tissue extract<! that 
IS to say, with the phosphatid (kephalin) extracted from brain tissue as 
described in a previous paper ® In one experiment the kephahn was 
dissolved in a 6 per cent solution of dextiose and a control was made 
with a similar solution of dextrose without kephahn The kephahn 
caused a marked acceleration in the clotting of both normal and hem- 
ophilic blood 

Kormal blood Ice blood plus lee dextrose solution ( 6 per cent ) clotted in 
10 minutes 

1 c c blood plus 1 c c of dextrose solution containing kephahn 
clotted m five minutes 

Hemophilic blood (Joseph Y ) 1 c c blood plus 1 c c dextrose solution clotted 

between two hours, ten minutes, and three houis, thiity minutes 
1 c c blood plus 1 c c dextrose solution containing kephahn 
clotted m ten to eleven minutes 

A similar result was obtained with specimens taken fiom Jesse Y 

lu a second experiment the coagulation time of a mixture of blood 
with kephahn was compared with that of the undiluted blood The 
'ipecimens containing the kephalin were placed in narrow centnfugal 
tubes which would tend also to shorten the time 

Coagulation time of 2 c c blood Normal 30 minutes, Joseph Y , four to five 
hours , Jesse Y , four to five hours 

Coagulation time of 2 c c blood plus 1 c c dextrose solution containing 
kephalin Normal, four to five minutes, Joseph Y, twelve minutes, Jesse Y, 
eleven minutes 

Similar results were obtained in a tliiid experiment, in winch the 
kephalin was added in aqueous solution, and in which consequently there 
was considerable hemolysis of the blood ^ 

It IS stated that the content in calcium of the hemophilic blood is 
normal (HoH'), and that addition of calcium chlorid does not hasten 
the time of coagulation (Morawitz and Lossen®) In my experiments 
it was noted that the oxalated hemophilic blood gave a good deposit of 

6 Houell Am Jour Physiol, 1912, xxxi, 1 

7 Nolf Eine neue Tlieone der Blutgennnung Ergebn d inn Med , 1913, 
X, 275 

8 Morawitz and Los=en Deutscb Arch f klin Aled 1008, xcn 110 
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calcnira oxalate on coutrifugali/ation, but the deposit to the cn ‘^eenied 
less than that obtained liom similaT ‘^pccnneii'^ of noimnl blood An 
atteinnt nas made to dcteiniine the amount of calcnim in small ‘^pcci- 
mens of the blood (See) but the icsults ueic un'=atnfactoi\ In a 
single expel mieni it uas found that addition of calcnim cblond in (be 
beiiiopbilic plasma bastcned ‘^onieubai (be tinm of congnlaiinn, follou" 

2 cc hemophilic plwiin (Joseph Y), coigulction time = four to fi\t hour'! 

1 cc hemophilic plnMiiii + 3 drop'! CaCl 16 per cent, ro ipulntion in t\no 
hours Ihirh ininuto'! 

1 cc hemophilic plnsiiin -f fl drop'. ( nCl ’j per rrnt co-igulition in iuo 
houis, ton minutes 

n^'Tla]TnoxIIlI^- iv jilmophilic imooii 

Examinations uere made of (be amount of antiibiombin In tlic 
method proMou‘!h dc'-enbed In the tn!-'' of (lie brollior'! V, 
examinations uere made at irrcgnlai intcnnli dunii'! a prriod of '-■nora! 
(eight) montlis. the blood being compaicd cacli tunc nun a specimen 
of normal blood In all cacc*! the exaniinntion u.a!- mc>b* a*- ‘•on*) n.. 
possible after iabiiig the specimen fioin the x-.m. ‘■imc ex porn me bad 
sboun that uben the blood m kepi tbcic is a uradunl d* iepm itmn in ibi' 
amount of antitbiombui The resul(= of thc^-'; rn gne” in 

the acconipaiiMiig table It will be tindor'-iood that (lie nioi'dnre ua- 
as prcMouslv dc'cnbod that is to sax. the chair nkmtna of ibo bln,./] v"*- 
heated to GO C and filtered One drop of thm luifod pi I'-mu XnC' tb. o 
added to 2 3, i and 3 drop*; of a ibiombin ‘-olnlion and, j'fi/ j an imcual 
of fifteen ininiites ten droji® of the fibrinogen Milntum (dntd pbn-ma) 
xveic placed in eacli tube Oxxing to xarmnoi)!- in Om ‘•triiigdm of ibe 
thiombin sohiiioim and fibiinogcn solulioim iped. tlm (hp/i.-nt 
ments are not comparable among Ibcnmelxc'. In cruh cxju.mmiit t'm 
antithiombin in tlie Iicmopliihc pla‘=mn m (o be (ompaual witli the 
noimal blood taken ai the ‘^nino iimc and cplninded to (he '-"mo }>ro- 
ceduie 

Examination of tliece iesult<! slioxi*. ilml ni goiural the emouni of 
antithrombin in the bemojibihc blood xxa^- '•onicx\b<it gi eater (linn in 
the normal specimen xxitli uhicli it xin^ compnied The c'cc^s Iiowcxci. 
xras not large and in some cases Axa^; not di'-iincll> clioxwi (expci imontv 
of December 21, Apiil 10. Apnl 28, Mnv lY) Since in ibc-c laticr 
the long coagulation time xxa*! still exhibited In the blood, it ‘^cenm inoM 
piobable that the cbaiacteimlic delay in coagulation ‘-boxxn In bemopbilic 
blood cannot be lefeiied to an niciease in (be absolute amount of anti- 
thionibin pie'-enl in the blood As uill bo sboxxn, boxxexcr, in llic next 
paragraph, there is good leason to bcliexe that in tbe^e bloodc there is 
always a relatix'e excess of aiititbiombin, xvbicb is qmto sufficient to 
account for the pioloiiged peiiod of coagulation 
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TABLE 1 — ^Results op Examination poe Antithbojibin in Hemophiiao Blood 


Date Name 


Oct 19, 1912 Joseph Y 

(hemophilic) 


John S 
(normal) 


Nov 2, 1912 Joseph Y 

(hemophilic) 


Jesse Y 

(hemophilic) 


W H H 
(noimal) 


Nov 16, 1912 Joseph Y 

(hemophilic) 


Thrombin 
in Drops 

Time of Coagulation 

2 

8 to 16 hours 

3 

45 to 60 minutes 

4 

20 minutes 

5 

15 minutes 

2 

2 to 8 hours 

3 

30 to 35 minutes 

4 

10 minutes 

5 

10 minutes 

2 

4 to 18 hours 

3 

45 minutes 

4 

35 minutes 

5 

15 minutes 

2 

45 minutes 

3 

1 20 minutes 

4 

15 minutes 

5 

10 minutes 

2 

20 minutes 

3 

10 minutes 

4 

10 minutes 

6 

5 minutes 

2 

6 to 15 houis 

3 

3 to 6 hours 

4 

30 minutes 

5 

20 minutes 


Dec 21, 1912 


Jan 18, 1913 


Jesse Y 

(hemophilic) 


D R H 
(normal) 


Joseph Y 
(hemophilic) 


Jesse Y 

(hemophilic) 


H, hospital patient 
(normal) 7 


D 

(normal) 


Joseph Y 
(hemophilic) 


Jesse Y 

(hemophilic) 


M 

( normal ) 


2 

3 

4 
6 
2 

3 

4 

5 
2 

3 

4 

6 
2 

3 

4 
6 
2 

3 

4 

5 
2 

3 

4 

6 
2 

3 

4 

5 
2 

3 

4 

5 
2 

3 

4 

5 


6 to 16 houis 
3 to 6 hours 
30 minutes 
20 minutes 
3 to 6 hours 
SO minutes 
15 to 20 minutes 
10 minutes 
No clot in 24 hours 
Begun in 1 hour 
20 minutes 
10 minutes 
No clot in 24 hours 
Begun in 2 hours 
20 minutes 
15 minutes 
45 minutes 
15 minutes 
10 minutes 
10 minutes 
No clot in 24 hours 

9 

40 minutes 
20 minutes 
No clot in 3 hours 
15 minutes 

10 minutes 
5 minutes 

No clot in 3 hours 
20 minutes 
10 minutes 
5 minutes 
11^ to 2 hours 
10 minutes 
5 minutes 
5 minutes 
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TABLE 1 — ^Results oe Examination eor Antitheombin in Hemophilic 

Blood — (Continued ) 


Date 

Name 

Thrombin 
in Drops 

Time of Coagulation 

April 19, 1913 

Joseph Y 

2 

20 to 25 minutes 


(hemophilic) 

3 

4 

10 minutes 

6 minutes 



5 

5 minutes 


Jesse Y 

2 

20 to 26 minutes 


(hemophilic) 

3 

10 minutes 



4 

5 minutes 



5 

5 minutes 


John S 

2 

15 to 20 minutes 


(normal) 

3 

10 minutes 



4 

6 minutes 



5 

5 minutes 

April 28, 1913 

Joseph Y 

2 

10 minutes 


(hemophilic) 

3 

5 minutes 



4 

5 minutes 



5 

5 minutes 


John S 

2 

10 minutes 


(normal) 

3 

5 minutes 



4 

5 minutes 



5 

5 minutes 

May 17, 1913 

Joseph Y 

2 

1 10 minutes 

! 

(hemophilic) 

3 

10 minutes 

! 


4 

5 minutes 



5 

3 minutes 


John S 

2 

10 minutes 


(normal) 

i 3 

5 minutes 



4 

3 minutes 



6 

3 minutes 

March 26, 1913 

A H S 

2 

Small membrane at 25 


(hemophilic) 


minutes 



3 

10 minutes 



4 

5 minutes 



6 

5 minutes 


John S 

2 

Small membrane at 20 


(normal) 


minutes 



3 

5 minutes 



4 

6 minutes 




6 minutes 

May 1, 1913 

A H S 

2 

7 


(hemophilic) 

3 

15 minutes 



4 

10 minutes 



6 

5 minutes 


George S 

2 

7 


(normal) 

3 

5 minutes 



4 

5 minutes 



5 

5 minutes 


PROTHEOMBIN IN HEMOPHILIC BLOOD 

T]ie relative amounts of prothrombin in the hemophilic and normal 
bloods were deteimined by the simple method, described above, of first 
oxalating the blood and then adding the optimum amount of calcium 
chloiid to the clear plasma This procedure was carried out on a gieat 
many specimens of blood, normal and pathological It may be said in 
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general that the time of coagulation for normal human blood is quite 
constant, averaging about ten minutes, with variations from eight or 
nine to twelve or thirteen minutes In normal dog’s blood the time of 
coagulation is somewhat shorter, averaging about six minutes, with vari- 
ations between five and nine or ten minutes In the hemophilic bloods 
the results were entirely different, as shown by Table 2 


TABLE 2 — Eesults of Examination fob Peothbombin in Hemophilic 

Blood 


Date 

Hame 

Calcium 

Chlorid, 

0 5 Per 
Cent , in 
Drops 

Time of Coagulation 
(5 Drops of Oxalated 
Plasma) 

March 26, 1913 

A H S 

1 

No clot 


(hemophilic) 

2 

90 minutes 



3 

120 to 160 minutes 



4 

120 to 160 minutes 


John S 

1 

No clot 


( normal ) 

2 

9 minutes 



3 

12 minutes 



4 

14 minutes 

May 1, 1913 

A H S 

2 

? 


(hemophilic) 

3 

Partly clotted in 3 hrs 



4 

Partly clotted in 3 hrs 



1 5 

7 


George S 

2 

10 minutes 


(normal) 

3 

14 minutes 



4 

20 minutes 



5 

30 minutes 

April 19, 1913 

Joseph Y 

2 

No clot in 4 hours 


(hemophilic) 

3 

No clot in 4 hours 



4 

No clot in 4 hours 


Jesse Y 

2 

Clot in 2 to 2% hours 


(hemophilic) 

3 

Clot in 2 to 2 V 2 hours 



4 

Clot in 2% hours 


John S 

2 

10 minutes 


(normal) 

3 

12 minutes 



4 

18 minutes 

April 28, 1913 

Joseph Y 

2 

Clot later than 6 houis 


(hemophilic) 

3 

Clot in 6 hours 



4 

Clot later than S' hours 


John S 

2 

11 minutes 


(normal) 

3 

13 minutes 



4 

17 minutes 

May 17, 1913 

Joseph Y 

2 

Clot in 3 hours to 3 


(hemophilic) 


hours, 10 minutes 



3 

Clot in 3 hours to 3 




hours, 10 minutes 



4 

Clot later i-xian 3% hrs 


John S 

2 

8 minutes 


( norm'll ) 

3 

10 minutes 

! 

[ 

4 

12 minutes 


As will be seen from examination of the table, the optimum amount 
of calcium in the normal was obtained with two drops of the solution 
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of caiciiiiD. chloTid With, this anioiiiit of calciiuii ths clotting time of 
the normal plasma was, m the ditieient experiments, 9, 10, 10, 11 and 8 
minutes The clotting time for the hemophilic bloods was 90, ISO-f, 
240-}-, 120, 300, 180-}- minutes 

The much delayed coagulation of hemophilic plasma under these 
conditions may be accounted for theoretically in several ways It may 
be due, in the first place, to the presence of an excessive amount of anti- 
thrombin The observations lepoited above give but little support to 
this explanation The amount of antithiombin in hemophilic plasma 
may be somewhat gi eater than that found in normal blood, and according 
to my lesults, is never distinctly less than normal, but on the other 
hand, when it is present in normal amounts, the hemophilic blood still 
exhibits in a marked way the characteiistie delay in coagulation when 
oxalated and again recalcified In other words, there is no parallelism 
between the amount of antithrombm and the delay in coagulation, and 
we cannot therefore explain the latter phenomenon by reference to varia- 
tions in the antithrombm In the second place, the delayed coagulation 
of the hemophilic blood may be referred, as has been done by Sahli® and 
by Morawitz and Lessen, to a deficiency m throniboplastic substance, or 
lather to that particular form of thromboplastic substance which Mora- 
witz has designated as thrombokmase There is no satisfactory method 
of detecting variations in quantity of the thiombokmase The authors 
named have arrived at the conclusion that thrombokmase is lacking in 
hemophilic blood (and hemophilic tissues), mainly by a process of exclu- 
sion of other possible explanations I believe, and have given experi- 
mental reasons for the belief, that such a thing as thrombokmase does 
not exist Morawitz’s ingenious and attractive hypothesis in regard to 
this substance has proved to be an obstacle rather than an assistance in 
the study of the phenomenon of clottmg The reasons given for the 
existence of a kinase m the intestine with the property of activating 
trypsin, are convincing, since much m the way of direct proof is easily 
obtained Any one may demonstrate that the mucous membrane of the 
intestine contains an organic substance which eSects the rapid activation 
of trypsin But no such proof is obtamable for the existence of a 
thiombokmase From an experimental standpoint the whole matter is 
complicated here by the additional hypothesis that the kinase alone can- 
not activate thrombin, hut requires the coactivity of calcium That 
calcium IS concerned in the activation of prothrombin to thiombin is 
beyond question, but every proof furnished to demonstrate that calcium 
alone is concerned m this activation is met by the objection that the 
kmase also is present m the solutions Since this kinase has no known 
pioperties or reactions except that of assisting calcium in the activation 

0 Sahh Deutsch Archiv f klin Med, 1910, xci^, 518 
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of thrombin, the argument assumes the form of a perfect circle Kanase 
IS necessary to the formation of thrombin, hence if thrombin is formed a 
kinase is present What is usually designated as a thrombokinase in the 
blood and other tissues is m reality the substance or substances which 
facilitate the process of clotting, and which have long been known under 
the terms zymoplastic or thromboplastic substances According to my 
work, they consist essentially of a special phosphatid (kephalin^), which 
accelerates the process of clottmg, not by any direct action on pro- 
thrombin, after the manner of a kinase, but by its neutralizing effect on 
the antithrombin In the general sense of the term it is a thiombo- 
plastic substance, but not a thrombokinase Whether or not this mateiial 
IS lacking in hemophilic plasma, I have not been able to determine in any 
wholly satisfactory way Addis® reports eeitam experiments which he 
believes demonstrate that as legards this factor there is no difference 
between normal and hemophibc plasma, but his experiments do not seem 
to me to be conclusive Sahli, on the other hand, reports experiments 
on the thromboplastic effect of washed blood corpuscles from normal 
and from hemophilic blood, which seem to show that the former contain 
more thromboplastic material than the latter But this conclusion, if 
correct, is scarcely applicable to the case under discussion The thrombo- 
plastic substance liberated in the blood after shedding comes, it is 
assumed usually, from the disintegration of the platelets When blood 
IS received at once into oxalate solutions, this disintegration is pre- 
vented The platelets are fixed, indeed, permanently fixed Wlien the 
blood is centrifugalized they are thrown down unchanged, as may be 
shown by microscopic examination, and subsequent treatment with watei 
or saline solutions shows that they now possess a rigidity altogether 
different fiom their original condition in the normal plasma It is 
probable, therefore, that when the normal or hemophihc blood is oxalated 
immediately and centrifugalized, the clear plasma obtamed has not 
received an accession of thromboplastic substance from disintegrating 
platelets Nevertheless under these conditions, addition of calcium to 
such plasmas is followed by prompt and uniform clotting in the normal 
plasma and by a much delayed and variable clotting time m the hemo- 
philic plasma My own explanation of the cause of this difference is 
similar to that proposed by Addis, namely, that the trouble lies in a 
variation in the prothrombin This view is discussed fuither in the 
succeeding paragraph Outside of all theoretical considerations, it is 
well to emphasize the fact that the simple proceduie described above, of 
oxalatmg plasma and then recalcifymg by adding calcium chlorid, giies 
a convenient method of detecting hemophilic blood and of distinguishing 
it from the bloods of other hemorrliagic conditions 
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THE CAUSE OE HEMOEHllilA 

In the recent admirable monograph on hemophilia by Bnlloch and 
Bildes/® the condition is defined as ^^an inherited tendency in males to 
bleed The definition is unsatisfactory, in that it fails to suggest a 
cause for the condition, and possibly also in that it lays too much stiess 
on the hereditary feature There is no question, of course, that hemo- 
philia is transmissible by heredity, and that most of the undoubted cases 
reported exhibit this history, but on the other hand it cannot be denied 
at present that cases may arise spontaneously To exclude such cases 
from the gioup of hemophilia because there is no evidence of a similar 
condition m the family records, is not justifiable In all probability 
such spontaneous cases may in turn be transmitted according to the law 
controlling this mheritance Outside its transmissihility as a sex-lunited 
inheritance, hemophilia is characterized clearly by certain reactions or 
properties of the blood which distinguish it from other hemorrhagic 
conditions in which there is also a ^Tendency to bleed ’’ The mam dis- 
tinguishing feature of the hemophilic condition is the greatly delayed 
coagulation time of the blood, when the blood is removed from the vessels 
without coming in contact with the tissues This peculiarity is demon- 
strated more easily and certainly, m contrast with other bloods, if the 
specimen of blood is first oxalated, then centrifugalized to obtain a deal 
plasma and then recalcified by the addition of a suitable amount of 
calcium chlorid If the specimen so treated should show a coagulation 
time exceedmg that of the noimal blood (nine to twelve minutes), there 
would be reason for claiming the presence of a hemophilic condition, and 
the gravity of the condition would be in proportion to the length of time 
required for coagulation 

All recent workers agree on this delayed or deficient coagulabiliiy as 
the characteristic feature of hemophilia and attempts to explain the 
proximate or ultimate cause of the condition start from this point The 
nature of the explanations offered vanes of course with the theory of 
coagulation adopted Morawitz and Lossen and Sahli, adopting the 
theory of coagulation proposed by Morawitz, have been led to believe that 
the defect of the hemophilic blood consists in a deficiency or lack of 
thrombokinase , Weih^ has suggested that the delayed coagulation may 
be caused by the presence of some inhibitmg body (anti thrombin) , 
Wright^= has attributed the trouble, in part at least, to a deficiency in 
calcium, Holf, in accordance with his special theory of coagulation, sup- 
poses that there is a quantitative or qualitative defect in the factor of 
coagulation designated by him as thrombozym Addis in his senes of 

10 Bulloch and Fildes Hemophilia, Eugenic Laboratory Memoirs, Univer- 
sity of London, 1911, \ii 

11 Weil Bresse med , 1905, p 672, Bull et mem Soc m€d d hOp de Pans 

Oct 26, 1906 ^ 

12 Wright Brit Med Jour , 1893, p 223 
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thoughtful experiuaents has come to the conclusion that the essential 
difficulty lies in a change in the propeities of the prothiombin My own 
work has conrinced me that the antithiombin theoiy of hemophilia is 
incorrect, in spite of the fact that my expeiiments weie begun in the 
expectation of suppoiting this view There is little oi no positive evi- 
dence in favoi of the view that a deficiency of calcium is the funda- 
mental tiouble, and I am persuaded that the explanations offeied by 
Morawitz, Sahli and Nolf have been influenced by an incorrect theory 
of the process of clotting Sahli’s generalization that in the hemophilic 
theie IS a loss of thromhoplastic power (thrombokinase), not only in 
the corpuscles of the blood, but in the tissues at large, is certainly not 
applicable in all eases The slow clotting hemophilic blood may coagu- 
late quite promptly if it is brought into contact with the tissue juices 
of the external tissues Theie are at present, so it seems to me, no posi- 
tive facts supporting this general view of a defect in thiomboplastic 
material in the hemophilic blood My own expeiiments hai^e led me to 
believe that the trouble lies, where it was tiaced by Addis, in the factor 
of prothrombin, that is to sav, the material fiom which the thrombin 
IS formed The expeiiments described above on the coagulation time of 
oxalated blood after the addition of calcium can only mean that this 
prothrombin mateiial is deficient in quantity or altered in chaiacter 
Addis has adopted the latter view He believes that the prothrombin of 
the hemophilic blood is present in normal amounts, but is so altered in 
properties as to requiie a longer time than normal for activation to 
thrombin This explanation has seemed to me to be improbable, because, 
in the first place, I have found, as reported in this paper, that addition 
of thiomboplastic (phosphatid) mateiiai acceleiates greatly the time of 
clotting of the hemoplulic blood Addis admits this fact, but claims that 
it is tiue only when large amounts of this mateiial are used Assuming 
that this latter qualification is correct, it does not affect the mam con- 
clusion that the prothiombin possesses its normal piopeities in relation 
to activation by calcium, since the thromhoplastic material is effective 
only by virtue of the fact that it removes the antagonistic influence of 
the antithrombin However, the point that Addis laises can be settled 
only by isolating the piothrombin from the hemophilic plasma and test- 
ing the action of calcium on it m compaiison with prothrombin obtained 
by the same method from normal blood 

I have been able, fortunately, to obtain the prothrombin from blood 
plasma by the simple method which I have employed already for the 
isolation of thrombin The method is as follows Blood is obtained from 
a vein of the arm by means of a syringe and is oxalated at once (8 c c, 
of blood to 1 c c of a 1 per cent solution of sodium oxalate made up in 
sodium chlorid solution 0 9 per cent ) The specimen is centnfngalized 
and the clear plasma is dravm off To this plasma is added an equal 



w H HOWELL 


91 


voluine of acetone and the precipitate is filtered off through a small 
filter The filter paper is opened, the precipitate is spread to a thin 
layer and is then dried rapidly in a current of air from an electric fan 
The dried filter paper with its adherent precipitate is cut into small 
pieces and is covered with water (8 or 10 c c ) and allowed to stand for 
about half an hour The extract is then filtered The opalescent solu- 
tion contains prothiombin, as can be shown most satisfactorily by its 
reaction with fibrinogen solutions The fibrinogen solutions used foi 
this purpose I have prepared fiom the plasma of cat’s blood by a modifi- 
cation^® of Hammarsten’s method of repeated precipitation by half 
saturation with sodium chlorid If the fibrinogen is precipitated three 
times the final solution in 0 9 per cent sodium chlorid (with a trace of 
sodium bicarbonate if necessary) gives no coagulation at all on the 
addition of calcium, but clots readily with thrombin With such solu- 
tions of fibrinogen, or indeed with the less pure solutions obtained by 
one or two precipitations, the presence of prothrombin in the solutions 
described above may be demonstrated very readily by experiments of 
which the following is an example 

1 Fibrinogen solution, 10 drops -p CaCfi, per cent, 1 drop =no clot in 
twenty-four hours 

2 Fibrinogen solution, 10 drops -f- prothrombin solution 3 drops = no clot 
in twenty-four hours 

3 Fibrinogen solution 10 drops -p prothromhin solution 3 drops -)- CaCl-, 
% per cent , 1 drop = clot in 2 to 3 minutes 

It should be stated that fibrinogen solutions prepared as desciibed 
are not constant in their reactions In some cases they clot very readily 
with thrombin, in other cases the clotting requires a longer time, and 
on standing for twenty-four hours oi more the fibrinogen may undergo 
a modification of some kind so that it loses the property of yielding a 
clot on the addition of thrombin In all cases, however, the freshly prer 
pared fibrinogen may be used to demonstrate the presence of the pro- 
thrombin, since the solutions of the latter have no effect on the fibiinogen 
until calcium is added, and then the thrombic action is clearly shown 
In order to determine whether oi not the prothrombin from the hemo- 
philic blood differs in its reaction to calcium from that of normal blood, 
I have prepared the prothrombin from one of the hemophilic subjects 
used in this investigation (Joseph Y ) and compared it with the pro- 
thrombin fiom a normal blood The following results were obtained 

Experiment, Oct 19, 1913 — Eight cubic centimeters of blood taken from Joseph 
Y and See from a normal ( J olin S ) Each specimen was o\alated and treated 
with acetone as described above The aqueous solutions of prothrombin were 
tested on a freshly prepared fibrinogen solution 

Conti ol Experiments — Fibrinogen solution, 10 drops -{-water 5 drops -f 
CaClj {V 2 per cent) 1 drop = no clot m twenty -four houis 

Fibrinogen solution, 10 drops -f prothi ombin solution 5 drops = no clot m 
twenti-four hours 


1 3 Howell Am Jour Physiol , 1910, xxvi, 461 
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Protluomiin from Noomal Blood —Fihrmogon solution 10 drops 4 - prothrom- 
bin solution 5 drops -j- CaCL, 1 drop = clot in twenty eight minutes 

Fibrinogen solution 10 drops + prothrombin 3 drops + CaCL, 1 drop = clot 
in 50 to 60 minutes 

Prothronibm from HemophtUc Blood — ^Fibrinogen solution 10 drops -J- pro 
thrombin solution 5 drops -f- CaCL, 1 drop ~ clot in twenty minutes 

Fibrinogen solution 10 drops prothrombin solution 3 drops -f- CaCL, 1 drop 
— clot in fifty minutes 

This experiment, which was repeated several times with similai 
results, demonstrates quite definitely that the separated prothrombin 
from hemophilic blood yields active thrombin in the presence of calcium 
quite as readily as the prothrombin from normal blood The qualitative 
difference claimed by Addis does not exist In explaining the delayed 
coagulation of the hemophilic blood we must assume, it seems to me, that 
the prothrombin is present in subnormal amount in the circulating 
blood Since the antithrombin, on the contrary, exists in normal oi 
even in sligthly supranormal amounts, the delay in coagulation of the 
shed blood is readily explained On the basis of the facts presented in 
this paper, I would conclude that the essential condition in hemophilic 
blood which is immediately responsible for its delayed coagulation is a 
subnormal amount of prothrombin in the circulating blood 

Hemoplnha may he defined as a condition, hrmted to the male, in 
which the coagulation time of the blood is maihedly prolonged in conse- 
quence of a deficiency in tli e amount of the contained pi othrombin, with 
the additional characteristic that the defect is ti ansmissible by heredity 
in accordance with the so-called law of Nasse 

The ultimate cause of this condition cannot be stated So far as we 
know, the prothrombin present in blood-plasma is furnished by the 
blood-platelets, and it is reasonable to assume that the defect in question 
is referable to some functional change in these elements 

THROMBOSIS 

During the course of this work the opportunity has offered to examine 
several cases of thrombosis in which there were no obvious mechanical 
01 inflammatory conditions to account for the trouble The cases are 
few in number, and unfortunately the examination was not complete in 
each case, but the results seem to be suggestive 

Case 4 — ^Dr H , just recovering from mild attack of tin ombosis involving the 
saphenous and the abdominal veins Some soreness and edema over region 
involved He had had several similar attacks at intervals of some weeks Speci- 
men of 8 c c of blood taken from an arm vein and compared with similar specimen 

from a laboratory attendant (John S ) 

The results of this test indicate that the blood of the thrombotic patient con 
tamed less antithrombin than the normal with which it was compared, and, 
indeed less than any of the normals used in any of these experiments 
Coa«ulation time (4 cc) Patient, 29 to 30 minutes 

Normal, 38 to 39 minutes 
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Heated Plasma 

Thrombin 

AKTITHBOICBIN TEST 

Time Interval 

Fibr Sol 

Coagulation 

Drops 

Drops 

Minutes 

Drops 

Minutes 

1 

2 

Normal 

15 

10 

40 

1 

3 

15 

10 

10 

1 

4 

15 

10 

5 

1 

6 

15 

10 

5 

1 

2 

Patient 

15 

10 

10 

1 

3 

15 

10 

5 

1 

4 

15 

10 

5 

1 

5 

15 

10 

5 


Case 5 — Charles G, patient in the Johns Hospkins Hospital, service of Dr 
Darker Aged 52 Onset of attack one month previous to admission, dyspnea 
on exertion, pain in left side, swelling of feet Physical findings dyspnea, hydro- 
thorax, mitral and aortic insufficiency Blood-pressure, 140 Blood count, r b c , 
4,300,000, w b c, 7,400, Hb, 90 per cent The day before the blood was 
examined the patient developed a marked swelling of the whole left leg, diag- 
nosed as due to thrombus in the left femoral or iliac vein Some of the super- 
ficial veins at left elbow firmly thrombosed 

Specimen of blood, 10 c c , taken fiom arm vein and compared with a similar 
specimen fiom one of the laboratory attendants (M ) 

Coagulation time ( 2 c c ) Patient, 8 minutes 

Normal, 41 minutes 


ANTITHKOSIBIN TEST 


Heated Plasma 

Thrombin 

Time Interval 

Fibr Sol 

Coagulation 

Drops 

Drops 

Minutes 

Normal 

Drops 

Minutes 

1 

2 

15 

10 

* 

1 

3 

15 

10 

lot 

1 

4 

15 

10 

5 

1 

5 

15 

Patient 

10 

6 

1 

2 

15 

10 

5 

1 

2 

15 

10 

2 

1 

2 

15 

10 

2 

1 2 15 

*■ First membrane at twenty minutes 

T Partial 

10 

2 


In this case also the amount of antithrombm Avas distinctly less than in the 
normal In fact the clotting with the thrombotic plasma ivas so rapid as to 
indicate the practical absence of antithrombm in its heated plasma 


Oxalated Plasma 

PROTHEOMBIN TEST 

CaCk, % Per Cent 

Coagulation 

Drops 

Drops 

Minutes 

5 

Patient 

2 

7 

5 

3 

7 

5 

4 

9 

5 

5 ' 

11 

5 

Normal 

2 

10 

5 

5 

3 

14 

4 

17 

5 

5 

19 


The more rapid clotting of the oxalated plasma of the thrombotic 
blood may have been due to a gieater amount of prothrombin or to a 
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diininished amount of antithiombin The previous test for antitlirom- 
bin indicates that the latter explanation is probably the correct one^ and 
this conclusion is borne out by a subsequent experiment in wbich the 
serum from the patient and from the normal ■were compared m legard 
to then strength in thrombm, the precaution being taken of addmg to 
each an equal volume of kephalin-solution to neutralize the antitbrombin 
present This test gave the following result 

COMPARISON OF STRENGTH IN THROMBIN 


Fibrinogen Solution 

Serum and Kephalin 

Coagulation 

Diops 

Drops 

Patient 

Minutes 

10 

2 

12 

10 

3 

6 

10 

4 

5 

10 

5 

Normal 

3 

10 

2 

10 

10 

3 

5 

10 

4 

5 

10 

5 

3 


According to this test there was practically no difference in the 
amount of thrombin in the two specimens of serum 

Case 6 • — ^Jlrs N , private patient of Dr Thayer History of two attacks of 
thiombosis — one six years previously with evidence of thrombosed veins in calf, 
groin and inner side of leg, one beginning four months before examination and 
following attack of measles There were pain and tenderness over left femoral 
vein, knots in groin and under skin of legs, first on left side, later on right side 
In bed for three months On one occasion when convalescing there was a sudden 
attack of severe pain in side, with marked dyspnea A similar attack followed 
after an interval of some time Examination of the bipod nas made four months 
after beginning of last attack when the patient had recovered and showed no 
physical signs except slight edema in legs 

Coagulation time (2 cc ) Mis N, 20 to 22 minutes 
jformil Dr D , 40 to 43 minutes 

PROTHROMBIN TEST 

Five drops plasma + 2 drops CaCk { % per cent ) = clot in nine minutes 
Five drops plasma 4- 3 drops CaCL ( % per cent ) = clot in twelve minutes 

ANTlTHBOMBIN TEST 

This test was made ivith three dilutions of a new stock of thrombin In two 
of these the concentration was too great, so that the tubes clotted more rapidly 
than was convenient for a decisive comparison In each case, however, the clot- 
ting in the tubes containing the heated plasma fi ora the patient preceded that in 
the controls indicating, therefore, less antithrombin in the patient’s blood This 
difference was shown most distinctly with the third dilution of thrombin used as 

follow s 


Heated Plasma 

Thrombin 

Time Intenal 

Fibrinogen 

Coagulation 

Diops 

Drops 

Minutes 

Normal 

Drops 

Minutes 

1 

3 

15 

Patient 

10 

15 to 20 

1 

4 

15 

10 

16 to 20 

1 

1 

3 

15 

10 

7 

4 

15 

10 

5 
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Case 7 — In a fourth case of thrombosis examined the results were negative 
This patient "was a hospital nurse with a histoiy of repeated attacks, diagnosed 
by Dr Boggs as due, to venous tluombosis At the time of examination of hei 
blood she had been free fiom any tiouble foi several months The examination 
made was incomplete, including only the coagulation time, thirty-five minutes, 
and the piothrombin test, ten minutes As these times were entirely normal the 
antithrombin tests were not made, owing to circumstances which could not be con- 
trolled This examination was made May 31 Later in the summer the patient 
had another severe attack, but was not accessible foi examination 

The number of eases reported is small, hut the indications from 
the blood examinations of a diminution in antithrombin, especially in 
Case 2 , aie sufficiently positive to warrant a suspicion that herein may 
lie the important factoi lesponsible for the formation of a thrombus 
If the antithiombin constitutes a normal defensive agency against intra- 
vascular clotting, a diminution in this substance will bring about a 
condition in which spontaneous coagulation will be favored, particularly 
m those parts of the circulation m which the mechanical conditions are 
such as may lead to a partial stasis of the circulation 

In the hemophilic blood there seems to be a relative excess of anti- 
thrombin, owing mainly to an actual diminution in the amount of pro- 
thrombin In the blood of patients showing spontaneous thrombosis, 
]ust the opposite condition prevails of a deficiency in antithrombin rela- 
tive to the amount of piothiombm present 

sraaiAEY 

1 Methods are described for testing the lelative amount of pro- 
thiombin and antithrombin in the blood 

2 The application of these methods to hemophilia shows that the 
blood in this condition is deficient in prothrombin The antithrombin 
may be normal or somewhat greater than normal The characteristic 
peculianty of hemophilic blood is its markedly delayed time of coagu- 
lation This peculiarity is explained by the diminution in amount of the 
piothiombm which results in a relative excess of antithrombin 

3 The detection of a hemophilic condition of the blood is facili- 
tated by fiist oxalating the blood and then recalcifying with an optimum 
amount of calcium Undei these conditions the time of clotting exhib- 
ited by normal plasma is very constant (nine to twelve minutes) That 
of hemophilic blood is greatly delayed 

4 In patients sufi[ei)ng from spontaneous thrombosis of the veins 
theie IS evidence of a diminution in tire antithrombin of the blood, the 
piothrombin being uoimal It is suggested that this deficiency in anti- 
thrombin operates as a favoring, perhaps as a detei mining, factor m the 
pi eduction of the thrombus 

5 In purpura hemorrhagica and other forms of so-called puipura, 
no evidence was found of any variation from noimal in either the anti- 
thrombin or the prothiombin 



A CLINICAL STUDY OP AMYLASE IN THE URINE 

WITH ESPECIAL EEFERENCE TO THE PHENOLSULPHONEPHTHALEIN TESl'f 

H RAWLE GEYELIN, MD 

NEW TOBK 

Since Majendie,’- in 1846, first found an amylolytic enzyme in human 
blood, and later, in 1863, Cohnheim^ wrote of its piesence in the urine, 
Plosz and Tiegil,® Poster,^ Lepme® and many other wnteis have con- 
firmed these earlier investigators and attempted to determine the quan- 
titative value of amylase with reference to certain pathological conditions, 
more particularly those of the kidney All the various methods devised 
Avere unwieldy and inaccuiate however, and' most of the infoimation 
gained contradictory In 1908 Wohlgemuth® devised a quantitative test 
which foi the simplicity, accuracy and uniformity of its results so fai 
surpassed any test previously proposed that it has been geneially adopted 
by chemists and clinicians alike for the estimation of amylase in blood, 
urine, feces and other body substances 

Nearly all the contributions to our liteiature on this subject have 
come from Prencli and German writers, and in Germany partieulai atten- 
tion has been directed to the quantitative estimation of amylase in blood 
and urine 

Wohlgemuth’s original method devised for the quantitative estimation 
of amylase has been followed by numerous investigations into the experi- 
mental and clinical aspects of this ferment as found in the body fluids 
The largest portion of this work has been done by Wohlgemuth and bis 
pupils and has juelded very interesting results 

In Older that we may liaise a clearer understanding of what is to 
follov^, it seems advisable to give m detail the technic of Wohlgemuth’s 

* Througliout this paper the term amylase lias been used in preference to the 
term diastase so generally employed by German writers, amylase having a more 
restricted significance than diastase, “d” as a means of expressing the readings 
obtained is used simply in deference to the terminology employed in Wohlgemuth’s 
original method 

fFrom the Blumenthal Fellowship Foundation of the Medical Clinic, College 
of Phj sicians and Surgeons, Columbia XJnii ersity 

ySubmitted for publication, Aug 1, 1913 
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5 L6pine Compt rend , Acad d sc , 1891, cxiii, 1014 
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^^staich-iodin^^ method for the quantitative estimation of amylase as out- 
lined in his most recent publication on this subject This differs in a 
few details only from his original method, which may be found in any 
text-book on physiological chemistry 

TECHNIC 

Ten test-tubes numbered 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 are placed m a test-tube 
stand ( these tubes must be thorougbly cleansed, rinsed in distilled ivater and care- 
fully dried) To each tube is added 1 cc of a normal saline solution from a 
graduated pipet (except in Tube 1, ■\vbich contains 1 c c of the fluid to be tested) 
With alee pipet, accurately graduated into 0 1 c c , draw up 1 c c of fluid to be 
tested and add to Tube 2, thoroughly mixing the fluids by three times drawing up 
the mixture of normal saline solution and test fluid and again expelling contents 
into the tube Then finally draw up 1 c c of the fiuid now diluted 1 to 2 and 
place this in Tube 3, repeating the same process of mixing and again withdrawing 
1 c c of mixture This is to be repeated in all the succeeding tubes and in the 
last tube the 1 c c withdrawn can be discarded This will give the following 
amounts of fiuid to be tested in each tube (seven tubes suffice in most cases) 

No 1 = 10 cc. No 2 = 05 cc, No 3 = 0 25 ee,No 4 = 0 125 c c , No 
5 = 0 0025 c c , No 6 = 0 032 e c , No 7 = 0 016 c c , No 8 = 0 008 c c , No 9 
= 0 004 c c , No 10 = 0 002 c c 

Now to each tube are added 2 cc of 0 1 per cent starch solution (Kahlbaum's 
soluble starch), the tubes fitted into a wiie cage after shaking gently, the cage 
placed on a watei-batli at 38 C for half an hour The temperature should be 
veiy caiefully watched, should be kept witbiii one half degiee of 38 C and the time 
accurately measured At the end of this time all tubes are withdrawn and placed 
in ice water foi five minutes to inhibit fuither amylolytic activity and are then 
leplaced in test-tube stand To each tube is then added 2 drops of fiftieth-normal 
lodin solution which must be fleshly piepaied from a stock solution of tenth- 
noi mal sti ength daily ® One to one thousand starch solution should be freshly 
prepaied every three days and kept in refrigerator 

EEADING 

If the urine is noimal the first two or three tubes will be golden yellow in 
color all starch having been digested, while the fourth will be reddish with no 
tinge of blue, the fifth violet and the others blue' The tube from which the 
reading is taken is the deep red tube, this tube shows that all starch has been 
digested at least to the dextrin stage 


7 Wohlogmuth, J , and Noguchi, Y Berl klin Wchnschr , 1912, xxui, 1069 

8 In case 2 drops of lodin solution to each tube is not sufficient to bring out 
a permanent color, add as many more drops to the tube as will be necessary, being 
careful to add exactly the same number of drops to each of the other tubes 

q The various gradations in color as given above are not always the same, 
in fact it may be difficult to determine in some instances which tube constitutes 
the endpoint or reaction tube but after some practice, the eye becomes trained to 
recognize that tube which no longei contains a bluish tint Corbett ( Quart Jour 
hied , 1913, M, 351) in a veiy recent publication emphasizes the “mauve tube” as 
the “limit” tube and calculates from the tube preceding this, (the one with a 
“reddish lellow color ”) Wohlgemuth (see Note 7) defines the end point as follows 
‘'Das 3 enige Gl.ischen, in welchem dei erste blaue Farbenton auftritt, das also bei 
Zusatz von Jod rotblau wird, gilt als Grenze (Limes) dei Wiksamkeit und aus 
der in dem vorhergehenden Glaschen enthaltenen Seiummerge wird die Fermeut 
Starke berechnet " 



98 


TEE ARCHIVES OF INTERNAL MEDICINE 


Tlie calculation is then made as follows In Tiihe 4 there was 0 125 c c urine 
or fluid which digested 2 c c of a 0 1 per cent starch solution in half an hour at 
38 C Therefore 1 c c of fluid to he tested would digest starch according to the 
following equation 

0 125 2 cc (starch) 1 cc X=:16 

One c c of fluid digested 16 c c of a 0 1 per cent starch solution in half an 
hour, this Wohlgemuth designates as follows 

3S° 

d— =16 
30' 

When twenty-four-hour digestion is employed he expresses it 

38” 

D 

24 tor 

The present "work was nndei taken with the object of determining two 
things first, the clinical value of the estimation of amylase in the urine 
m determining the functionating powers of tlie kidney in various diseases, 
more particularly in renal and cardiac cases, second, the relationship 
between this test and another test oi lenal function, namely, the phenol- 
sulphonephthalem test of Eowntree and Geraghty 

Most of the cases here reported fall under renal or cardiac headings, 
as these two conditions are the ones in which functional tests are most 
often made But several other diseases have also been investigated with 
very interesting results I had hoped also to make comparisons of the 
amylolytic value of the blood-serum synchronously with that of the mine, 
but, except in a few cases, this has not been possible, and will have to be 
taken up at some future date In all cases investigated, samples of a 
twenty-four-hour specimen were used for reasons which will be explained 
later 

The quantitative estimation of amylase in the urine as a test for the 
functional activity of the kidneys has been advanced by Wohlgemuth 
Benczur,^^ Wynhausen,^® Eosenthal/^ Marmo,^® Corbett® and ISTeuman 
Wohlgemuth^^ used it in conjunction with phlondzin, indigo-carmin and 
cryoscopy tests to determine unilateral disease of the kidney and found in 
a senes of some fifty cases tliat it, with the freezing-point test, gave the 
most valuable lesults in estimating the relative functionating powers of 
the two kidneys Wohlgemuth,'^ Corbett,® Neuman^® and EosenthaE'* 
have shown that the amount of amyla'ie in the urine of noimal individuals 

10 A few cubic centimeters of toluol should be ndded to all tuenty-f our hour 
specimens, to prevent bacterial growth This does not interfere with the “d” 
readings, and preserves the urine for siv months or more, giving the same "d” 
reading at the end of that time as when freshly i oided 

11 Wohlgemuth, J Ztschr f Urol, 1911, i, SOI 

12 Benczur, J Wien klin Wchnschr , 1910, xxiv, 890 

13 Wynhausen, 0 J Berl klin Wchnschr 1910, xlvi, 2107 

14 Eosenthal, A Deutsch med Wchnschr , 1011, xxxvii, 923 

15 Marino, E Deutsch Arch f klin Med , 1911, cm, 325 

IG Keuman Deutsch Arch f klin Med , 1913, ci\, 164 
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varied ■within very narro'w limits, and for a given indi'vidnal 'was almost 
constant, provided a t'wenty-fonr specimen was used That there may he 
great variations in the amylolytic power of indmdnal specimens of nrine 
passed at certam times d-uring the twenty-four hours, Wohlgemuth has 
shown ac follows 1 There is more amylase m urine of fasting periods, 
that IS, pst before meals 2 The amount begins to dimmish after meals 
and gradually sinks until three or four hours after a meal, then gradually 
begins to rise again This confirms the earlier investigations of 
Grutznei,^® Gehrig,^° Hoffinan,^® Rosenbeig^^ and Leo,^^ who worked 
with cruder methods 

It has also been shown by Wohlgemuth-^ by experiments on dogs that 
neither the kind nor amount of food taken has any effect on the quantity 
of amylase m the blood-serum Scblesmger^^ found the same for man, 
while Corbett^ concludes that m human beings the quantity of amylase 
in the twenty-four-hour urine does not vary even with marked dietary 
changes He gives one instance, however, that of an infant aged 9 
months, who had never had unaltered starch food before, and whose 
uime, after three days’ administration of starch-containing food, showed 
an inciease m amyloMic power amounting to almost five times as much 
as before the giving of starch Heuman^® also concludes that changes in 
diet ha've no effect on the quantity of amylase in urine 

The influenee^^ of sex on the amount of amylase in the urine shows 
that the urine of males ha= a slightly higher ^^d” reading than that of 
females This, however, is so small as to be negligible m clinical work 

According to Wohlgemuth,^'^ Corbett,® Wynhauser’-® and Marino,^® the 
reaction and salt concentration of the urine has no appreciable effect on 
the ^^d” readings In this connection it may be mentioned that Cole,®® 
working with a pure (dialyzed) solution of ptyalm, shows that the effect 
of any electrolyte on the rate of action of the ferment is dependent on 
two factors — first, the acceleration due to anions other than hydrox- 
ylions, and second, the depression due to kations and hydroxylions 

Wohlgemuth®® himself, after careful studies of the salivary amylase, 
jiancreatic amylase and the amylase of blood-serum, all of which he found 
to have the same properties, came to the following conclusions 

1 Sodium chlorid increases amylolytic action in twen'ty-four horns’ 
digestion ten fold 


17 Wohlgemuth Biochem Ztschr , 1909, xxi, 432 
IS Grhttrner Breslaiier arzt] Ztschr, 1882, 193 

19 Gehrig, J Arch f d ges Physiol (Pflhgers) , 1885, xxxviu, 38 

20 Hoflfman Arch f d ges Physiol (Pflugers), 1887, xh, 148 

21 Bosenberg Dissertation, Tubingen, 1890 

22 Leo Verhandl d VII Kongr f inn Med , 1888, 364 

23 Wohlgemuth, J Biochem Ztschr , 1909, xxi, 381 

24 Schlesinger, W Deutsch med Wchnschr, 1908, xiv, 593 

25 Cole Jour Physiol , 1904, xxx, 202 

26 W'ohlgemuth, J Biochem Ztschr , 1908, i\, 10 
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2 The lowest dilution in which sodium chlorid seemed to have an 
accelerating action was 0 002 to 0 00097 per cent 

3 The increased effect of sodium chlorid is due to the anion cblorid, 
therefore all other chlond-containing neutral salts accelerate the enzyme 

4 Of the other halogen ions hromin also increases the action, also 
lodin, but to a less degree, while fluorin inhibits 

5 Alkalies, except sodium carbonate, inhibit the action of amylase 
and destroy it by prolonged action 

6 ISTeutral salts like sodium phosphate, oxalate and acetate inhibit the 
action of amylase, whereas the nitrate, nitrite and chlorate increase the 
action Sodium sulphate is indifferent 

7 Alanin and leuein inhibit, glycocol is indifferent 

8 Colloid metals (gold, silver, copper and iron), inhibit in propor- 
tionately smaller concentration, while in stiong dilution they are indiffer- 
ent and the addition of sodium chlorid does not alter their behavior 

As the amylase m urine is piobably derived directly from that of the 
blood it must have the same properties as that of the blood It can, 
therefore, leadily be seen how difficult it would be to determine the 
individual factors concerned in the composite action of the various ions 
on the amylolytic power in such an ion complex as the urine Of the 
urmes I have studied, some two hundred in number, I have had only two 
and both were from the same patient, which showed an alakine reaction , 
all the others were neutral or acid, the majority being acid Ho appre- 
ciable effect on the ‘‘d” readmgs caused by reaction could be noted, except 
when decomposition was evident, this seeming to accelerate the action of 
amylase 

Other factors affecting action of the ferment in urine must here he 
mentioned First, the action of blood It has been shown®^* that blood 
and various oigan extracts have a marked .accelerating action on the 
amylolytic activity of pancieatic juice, saliva, etc So that urme con- 
taining blood will show a much higher amylolytic power than normal 
uime Dudley Coihett,® in a very recent publication has also demon- 
strated that the influence of blood on the amylolytic action of the urine 
IS a strongly acceleratmg one Neuman,^® howevei, states that in ^'several 
cases” during menstruation no effect could be noted He does not state 
definitely, however, how much blood was present nor does he say whether 
the specimens examined were complete twenty-four-hour ones Both 
these factors are important, particularly the former, as I have often 
centrifuged specimens of urme from menstruating women and in the 
sediment found only small numbers of red blood-cells, absolutely no 
macroscopic evidence of blood being present It is only leasonable to 

27 Wohlgemuth, J Biochem Ztschr , 1911, vxxiii, 303 

28 Pozerski, L Th6se de Pans, 1902, 70 
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suppose that in these cases when such relatively minute quantities of 
blood, were present, no, or very slight, alteration in the d value would 
be found 

Another factor which must be considered in regard to its effect on 
amylolytic activity in the urme is albumin Very few authors have 
dealt with this at all Luth^e^"® found high amylase value in albuminous 
urines EosenthaP^ found that the chronic interstitial forms of nephritis 
showed uniformly lower readings that did other forms, and generally less 
albumin is found in the chronic interstitial forms He draws no deduc- 
tions, however Benczur concludes that high readings are sometimes 
found in nephritics and other albuminuric conditions He argues that 
his and Wohlgemuth’s experiments®® in which they found increased ^^d” 
value foi blood-free kidney extracts of diabetic animals, show that the 
kidney plays some part in the production of urinary amylase, and further, 
that the inflammatoiy condition which produces albuminuria may also 
serve to stimulate the kidney cells to increased amylase production 
Heuman^® denies any influence on the part of albumin or pus Corbett, 
whose senes of cases is small, gives this sub 3 ect more detailed attention 
and theorizes as follows The damage of kidney structure may be equally 
severe m cases with little or much albumin The presence of much 
albumin is attributed to increased permeability of the kidney and the 
high ^'d” values so often obtained in these cases are due to the same factor 
“For,” he argues, “if the renal cells are permeable to the complex protein 
mixture, generally termed albumin, they should the more readily allow 
the passage of a simpler colloid, such as amylase” To support this 
tlieoiy he refers to cases of eclampsia with much albumin and many casts 
in which the “d” values were very high and in which there must have 
been severe damage to kidney structure All the clmical evidence to date 
ceitainly points to higher “d” values m those forms of nephritis with 
high albumin content of the urine than in those forms with little or no 
albumin which almost invariably give low readings for “d ” 

In stating the lesults in my own series of cases I have adopted a 
purely arbitiary method in comparing the amounts of albumin found in 
different cases, for instance, anything tabulated as trace or faint trace 
IS designated as ^flittle albumin,” while anything from heavy trace to 
much albumin oi a definite quantitative figure is designated as “much 
albumin ” 

On examination of the figures in Table 1 with reference to the 
influence of albumin on the ^^d” reading, thirty-four cases®^ are found 
which have varying degrees of albuminuria, twelve cases which have 

29 Lutli]e, H Feststjhr f J Rosenthal, 1906, n, 131-138 

30 Wohlgemuth, J , and Benczur Biochem Ztschr , 1909, xxi, 460 

31 Case 29 is omitted as here the pus was very large in amount and was nrob- 
ahly the mam source of the albumin 



TABLE 1 — Chbonic Intebstitiai, Nephritis 


Case 

Name 

Sex 

Date 

4 

Amy- 

lase 

Urine 

Quant 

cc 

Sp Gi 

Albumin 

Casts 

Blood 

1 

D W 

M 

10/31/12 

8 

1,770 

1,008 

I, 

Many 

Occ 




1/15/13 

2 

1,200 

1,015 

H li 

hyal and 

BBC 




3/ 6/13 

4 

2,020 

1 020 


gran 





3/13/13 

4 

1,500 

1 009 







3/22/13 

8 

1,200 

1 015 

H Tr 



2 

L K 

F 

10/31/12 

4 

850 

1020 

H Tr 

Many 

0 









hyal and 










gran 


3 

E H 

F 

10/31/12 

2 

1,230 

1 012 

V F 

Few 

0 








Tr 



4 

A P 

F 

10/31/12 

8 

900 

1 018 

Much 

Wa\y 

Few 

1 








gran , hyal 

EEC 

5 

J K 

M 

11/ 3/12 

2 

1,830 

1 027 

F Tr 

Hyal, 

Few 









gran 

EEC 

6 1 

M E 

M 

11/ 3/12 

4 

1,500 

1 020 

V H 

Gran , 

Few 








Tr 

waxy hyal 

EEC 

7 

A W 

M 

11/27/12 

2 

1,620 

1,008 

F Tr 

Hyal , 

0 




12/20/12 

0 

1,740 

1006 


gran 





2/ 1/13 

2 1 

1,560 

1 010 




8 

G D 

jM 

11/ 2/12 

0 

930 

1 019 

V F 

Hyal , 

Few 




12/1G/12 

16 

1,830 

1013 

Tr 

gran 

EEC 




5/11/13 

2 

2,040 

1 012 


(many) 

once 

9 

S D 

F 

12/22/12 

4 

1,400 

1 012 

F Tr 

Occ 

Few 




1/ 9/13 

4 

1,300 



hyal. 

EEC 




2/ 1/13 

4 

1,365 



gran 


10 

M E 

]\I 

1/10/13 

2 

2,075 


V F 

0 

0 




1/22/13 

4 

790 

1 020 

Tr 






2/ 3/13 

2 

790 

1 030 







2/14/13 

4 

1,230 





11 

J S 

F 

1/10/13 

4 

1,100 


V F 

0 

Occ 




1/16/13 

0 

1,630 

1 012 

Ti 


EEC 




1/23/13 

4 

1,280 








1/26/13 

4 

730 

1016 







1/28/13 

4 

1,450 





12 

G H 

INI 

1/15/13 

32 

1,050 


H Tr 

Gran , 

0 









hyal 


13 

F E 

M 

1/18/13 

2 

1,200 


H Tr 

Gran , 

0 




2/26/13 

2 

1,760 


F Tr 

hyal 


14 

E P 

F 

1/18/13 

4 

1,800 


V F 

Tr 

0 

EEC 








(Sugar) 



15 

C M 

IM 

1/26/13 

2 

2,700 


H Tr 

Manj' 

Many 




1/31/13 

2 

2,400 



hval i 

EEC 




2/14/13 

2 

1,400 



^ran 


IG 

M S 

F 

2/ 3/r3 

8 

2,705 

1,036 

H Tr 

Hyal , 

0 









gran 


17 

J T 


1/21/13 

2 

630 


V H 

Gran 

EEC 




2/ 4/13 

8 

995 


Tr 

hyal 

Many for 




2/ 6/13 

16 

750 




two dajs 




2/12/13 

32 

630 




after 




2/13/13 

31 

660 


2% 


operation 




2/15/13 

32 

1,040 








2/21/13 

32 

1,000 








2/26/13 

32 

950 


V H 






3/ 6/13 

3 

1,500 


Tr 






3/13/13 

16 

930 








3/17/13 

32 

700 



1 





3/10/13 

32 

900 



1 





5/ 8/13 

1 

32 

1 

1,350 



I 

( 





Chronic interstitial nephritis 


Chronic interstitial nephritis 
This patient had hyperglyce- 
mia and persistent glycosuria 
Regarded as a case of dys 
pituitarism 

Chronic interstitial nephritis 


Improve 


Improve 


Chrome pai neph ( Some edema 
Chrome pul tuberculosis 
Always fever ) 

Chrome interstitial nephritis 
(Atony of bladder ) 

Had marked amyloid change in 
kidney, liver and spleen at 
necropsy 

Chronic interstitial nephritis 
(Necropsy showed extreme art 
scl of hi ves , kidney, etc ) 


Improve 


Chrome interstitial nephritis Died 
(Empyema of frontal sinus, 
secondary diagnosis ) 

Chionic interstitial nephritis Improv< 
(Secondary anemia ) 


Chronic interstiual nephritis Improve 
(Chrome card valv dis ) 


Chrome interstitial nephritis Improi 
Congemtal cystic kidney and 
hydrothorax 


Chrome interstitial nephritis 
Chronic interstitial nephritis 


Chrome interstitial nephritis 

(Diabetes not severe but may 
be primary disease ) 

Chronic interstitial nephritis 

(Acute tonsillitis ) 


Improved 

Improved 


Improved 


Chrome interstitial nephritis 
(Acute cardiac dilatation ) 
Chrome parenchy nephritis 
Jan 30, 1913, had double 

decapsulation of kidneys Since 
then edema has disappeared 
Developed symptoms since Eeb 
19, 1913, of pul tuberculosis 


Improved 

Improved 








TABLE 1 — Chbonio Intebstitial Nephbitis 


Case 

Name 

Sex 

Date 

Am- 

lase 

Urine 

Quant 
c c 

Sp G] 

Albumin 

Casts 

Blood 

18 

M B 

E 

1 

2/ 6/13 

16 

1 355 

HU 

H Tr 

Gran , 

0 




2/ 8/13 

16 


IRSm 


Iiyal 


19 

E J 

E 

2/ 4/13 

2 

1,150 

lElAM 

V H 

Very 

0 




2/ 5/13 

2 



Tr 

many waxy 





2/12/13 

0 

1,160 



hyal , gran 





2/21/13 

0 

m 


to 






3/ 6/13 

0 



1% 






3/13/13 

0 

m 








3/16/13 

0 

520 





20 

C W 

F 

2/ 9/13 

2 

1,530 


H Tr 

Hyal 

Few 




2/10/13 

2 

1,470 




R B C 




2/21/13 

2 

1,010 





21 

K D 

F 

2/ 9/13 

8 


mm 

V H 

Hyal 

Much 




2/10/13 

8 

1,120 

1 017 

Tr 

gran 

blood 

22 

J M 

M 

2/14/13 

16 

1,170 


V H 

Hyal, 

0 




2/16/13 

16 

1,020 


Tr 

gian 


23 

C S 

M 

2/19/13 

8 

520 

1025 

V H 

Hyal , 

Many 








Tr 

gian 

R B C 

24 

B G 

F 

2/ 8/13 

4 

255+ 


Tr 

0 

Few 










R B C 

25 

N E 

M 

3/ 6/13 

8 

1,350 

1010 

V H 

Hyal , 

Few 




3/11/13 

0 

1950 

1016 

Ti 

gran 

R B C 




3/12/13 

8 

1,800 


Tr 

(many) 





3/13/13 

8 

1,260 


V H Tr 






3/17/13 

0 

1,520 





26 

J E G 

M 

3/ 7/13 

8 

1,500 


H Tr 

H-^al 

0 




3/12/13 

8 

1 450 



gran 





3/18/13 

16 

700 



(many) 


27 

S M 

E 

3/12/13 


950 


3% 

Hyal, 

Few 




3/18/13 


700 



gran 

R B C 

28 

P C 

M 

3/22/13 


1,170 


Tr 

Hyal , 

0 









gran 


29 

C M 

M 

4/ 9/13 

2 

1,800 

1 010 

H Tr 

Hyal 

R B C 




4/12/13 

0 

1,870 




much pus 




4/16/13 


2,240 

1 022 




30 

D C 

M 

3/ 4/13 

IS 

1,480 

1015 

V H 

Hyal , 

R B C 





HI 



Tr 

gran 

few 

31 

R C 

M 

5/14/13 

HI 

900 

1013 

H Tr 

Hyal, 

0 









gran 


32 

S C 

U 

5/ 1/13 

4 

1,250 


Tr 

Hyal, 

R B C 




5/15/13 

4 

1,500 



gran 

fe\\ 

33 

J Y 

M 

5/22/13 

2 

1,500 


H Tr 

Hval 

R B C 




6/15/13 

2 

1,200 



gran 

many 

34 

J M 

M 

5/15/13 

2 

1,400 

1 015 

H Tr 

Hyal , 

R B C 









gran 

many 









and fatty 


35 

T V 

M 

1/25/13 

8 

905 

1019 

Tr 

Hyal, 

0 

1 


1 

1 

1 

1 



gran 





Chkonio PABENcnyMATOUS Nepiibitis— (Continued) 


Urine 






Phenol- 

Date 

Disease 

Result 

Blood 

Eeaction 

sulphone 



Pressure 

phthalein 
Pei Cent 





210 (S) 

Acid 

33 

2/ 7/13 

Chronic interstitial nephritis 


69 

3/10/13 

( Chr card valv dis ) 


130 (S) 

Acid 

3 

1/ 6/13 

Chrome interstitial nephritis 

Improved 

160 (S) 

11 

1/27/13 

Necropsy Chronic dif neph 



10 

2/ 3/13 

(amyloid ) Aortic and mitral 
endocarditis ( R e g u rgitation 







and stenosis ) 



Neutral 

F Tr 

1/ 3/13 

Chrome interstitial nephritis 

Umm- 



F Tr 

2/14/13 


proved 

180 (S) 

Neutral 

58 

2/ 7/13 

Chrome interstitial nephritis 

Impi oved 

215 (S) 

Acid 

35 

2/13/13 

Chiomc interstitial nephritis 

Improved 

l 

200 (S) 

Acid 

53 


Chrome interstitial nephritis 

Improved 



1 

Cardiac hypertrophy Tabes j 
dor 



240 (S) 

Acid 

28 

2/17/13 

Necropsy Chiomc dif neph 

Died 


65 

3/ 5/13 

Hemorrhage into cerebrum 


Above 

Acid 

12 

3/ 4/13 

Chronic interstitial nephritis 

Improved 

160 (S) 


19 

3/ 8/13 



Acid 

44 

3/10/13 

Chronic interstitial nephi itis 

Improved 



42 

3/22/13 



Neutral 

None 

made 


Chronic par nephritis 

Improved 

160 (S) 

Acid 

13 

4/19/13 

Acute nephritis, bronchitis 

Cured 


Acid 

Trace 

4/ 8/13 

Pyelitis ( bilateral ) Ui emia 

Died 



Trace 

4/15/13 

Delayed exciet ion urine, 




Trace 

5/12/13 

bloody, from left ureter 



Acid 

28 

4/27/13 

Chronic pai enchymatous neph 

Improved 


Acid 

15 

5/ 9/13 

Chronic interstitial nephritis 

Died 


Acid 

52 

3/ 7/13 

Chrome interstitial nephritis 

Improved 

180 (S) 

Acid 

5 

Trace 

5/20/13 

6/13/13 

Chronic interstitial nephritis 

Died 


Acid 

24 

5/13/13 

Chronic interstitial nephritis 

Died 



16 

6/13/13 

(Chr card valv dis ) 

140 (S) 

Acid 

70 

54 

1/13/13 

1/23/13 

Chronic interstitial nephritis 

Died 


106 


THE ARQHIVE8 OF INTERNAL MEDWIHE 


'kittle albumin” give subnormal “d” readings, eleven cases which have 
""much albumin” give subnormal ""d” readings, Case IZ showing both, 
seven eases which have ""much albumin ’ give normal or high normal ""d” 
readings, while two cases in which there was little albumin give low 
noimal ""d” readings, and both these cases give normal phtlialems 

Cases 1, 17 and 25 do not permit of classification as regards this 
subject, as all have shown much albumin with varying ""d” readings 
ISTo hard-and-fast conclusions can be dravm fiom these figures, both 
because the method of estimating the quantity of albumin is purely an 
arbitrary one, and because the number of cases is not sufficient, but the 
results are at least suggestive of the fact as observed by other investigators 
that in cases of nephritis with high albumin content there is a greater 
tendency to normal or high normal ""d” values than in those with small 
albumin content, when the ""d” readings are almost invariably subnormal, 
and further, in those urines, when in spite of a high albumin content, 
persistently subnormal ""d” readings are found, it can be assumed that 
the functional damage has been all the more severe In all cases we must 
not forget the possible effect of blood if that be present Also the presence 
of pus of ei.tia-renal origin as a factor in the production or intensification 
of the albumin test must not be overlooked, in view of what Neuman^® 
asserts, that is, that pus has no influence on the ""d” readings 

The question of dilution and its effect on the quantitative estimation 
of amylase is one that has been the subject of much discussion on the 
part of many observers Wynhausen,^® Maiino,^® Coibett,® KosenthaP'* 
and Benczur^- aigue that its influence is a very limited one, and in the 
range of normal twenty-four-hour urines no appreciable effect is noted on 
the ""d” readings Wynhausen^® quoted a case in which two readings 
were identical in the case of a patient who had 700 c c of urine, specific 
gravity 1 015, and a month latei had 2,500 c c of urine, specific graiity 
1 015 All the other authors mentioned above quote manj'^ similar cases 
They agiee that only in cases of extreme variations m amount do the ""d” 
values change One of my patients who had shoivn a reading of 32 on 
two occasions, only five days apart, with urine quantity amounting to 
940 e c and 1,300 c c , showed fifteen days later a reading of 8, with a 
urine quantity of 4,000 c c This was a patient who had an exophthalmic 
goiter (Case 10, Table 3), whose condition throughout her stay changed 
very little In each instance the ""d ’ reading was within normal limits, 
although the effect of the diuresis on the last ""d” reading can leadily be 
seen Extremely low amounts of urine (under 500) are found only, as 

32 Neuman’s work appeared after this investigation had been concluded and 
the tables made out Allusions to his work have been included only as they could 
be added to the text and had reference to what has already been written His 
work on the effect of dilution on the “d" reading has not been alluded to as no 
time to study its application has been a\ailable 
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a rule^ in renal and cardiac condition, and the renal cases in spite of this 
show a low ‘‘d” reading If in a case of this kind the reading should he 
8, for instance, in new of the concentration of the urine we would he 
justified in assuming that were the quantity of the urine within normal 
limits, the reading would be lower The effect of concentration on the 
^^d” 'value may be noted in Case 7, Table 2 Here we have an approxi- 
mately normal excretion of phenolsulphonephtlialein and a high normal 
leading, 32 on three occasions It is probable that urine within 
normal limits in this case would have brought the reading to a lower ‘‘d” 
worth In general, it may be assumed that only when a urine is abnor- 
mally large or abnormally small in quantity allowance need he made foi 
dilution or concentration in judging the value of the actual “d’^ reading 
EosenthaP^ has made an attempt to estimate what he terms the 
‘^absolute diastatic strength” of the urine This he does by multiplying 
the twenty-four-hour total by the "d” reading and then dividing by 2, 
for example, daily output 1,500 e c , 0 2 c c of urine digests 2 c c 0 1 
pel cent starch solution, therefoie the absolute diastatic strength = 

1,500 X 10 

=7,500, or 500 per cent concentration 

2 

I do not see that anything is gained by this method, and as Corbett aptly 
comments, ^The results would vary out of all proportion to slight changes 
m the daily excretion,” which in EosenthaPs series they do 

Another factor to he considered is the infiuence of fever on the ^'d” 
values, and here all obseivers agree that very high readings are found m 
acute miectious diseases EosenthaP* demonstrates the infiuence of high 
temperatures in a case of nephritis which developed lobar-pneumonia 
During the febrile peiiod amylase was present in normal amounts, after 
subsidence of the fevei no amylase could be found in the urine, while the 
clinical picture was at all times that of nephritis 

Having discussed the various conditions which may affect the action 
of amylase in the mine and having seen that in normal individuals in a 
twenty-four-hour specimen the ""d” readings vary within narrow limits, 
it is appropriate at this point to summarize briefly actual figuies obtained 
for the ^'d” values of normal twenty-four-hour mine specimens Wohl- 
gemuth,'^ m a large senes of normal causes, says it varies between 

38° 

d— =16 to 32 
30' 

never exceeding 64 Corbett,® working with slightly different dilutions, 
gives 6 6 to 33 3 with an average of from 10 to 24 Eosenthal,i* whose 
method of calculating his leadings is different, gives 10 to 25 when his 
lesults are tianslated into terms of the original Wohlgemuth method 
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From repeatod examination of eight normal cases and many othei 
cases whose clinical condition gave no reason to suspect altered “d” 
readings, I have reached the conclusion that '“"d” = 8 to 33 is the normal 
range for twenty-four-hour urine The large majority of the readings 
were between 16 and 33, as given by Wohlgemuth I have never had a 
normal urine in which a reading of 64 has been reached 

Coming to the study of altered amylolytie power of the urine obser- 
vations in the literature, so far it has been confined mainly to foui con- 
ditions, that IS, nephiitis, diabetes, pancreatic disease and the so-called 
diabetes insipidus Many other conditions have also been investigated, 
but the most positive and impoitant results have been obtained in these 
four conditions 

NEPHKITIS 

This includes all forms of the disease ranging from the acute type to 
the chronic (tubular, vascular or mixed) types, and includes also such 
conditions as pyelitis and renal calculus Hirata,®® woiking under Wohl- 
gemuth’s direction produced sublimate, chromate and uranium neplirdis 
in rabbits, estimating the amylolytie power of their mine before and after 
the production of nephritis He found that the ‘^‘^d” values in all foims 
of nephiitis were markedly decreased with a coincident rise on the ‘’^d” 
value of the blood, which was not always as marked as that shown in the 
urine In view of the fact that these forms of experimental nephritic 
interfere mainly with tubular function, it would seem probable that 
amylase was excreted in largest quantities via this loute 

This work on animals has been further substantiated by the investi- 
gations on patients suffering from various forms of nephritis Wohl- 
gemuth,^'^ Wynhausen,’^® Marino,^® Eosenthal,^^ and more recently Corbet® 
and Heuraan^® give distinctly low “d” readings for nephritis in general 
Benezur^^ does not agree with the above-mentioned investigators, although 
he admits low readings in some of his cases of nephritis He reports only 
eleven cases and five of these showed low “d” values Two of the other 
cases showed veiy high readings Benezur comes to the conclusion that 
no reliable information can be drawn from the test It is interesting to 
note in this connection that although Benezur could not find any 

“essential” difference between a— readings of individual specimens 

24 hr 

and those of twenty-four-hour specimens his five cases of nephritis with 
low readings were all twenty-four-hour specimens, while the other speci- 
mens exammed, taken in hunger periods, when as Wohlgemuth shows, the 
“d” readings are highest, all give much higher amylase values 

Certamly the preponderance of evidence so far adduced demonstrates 
that in the large majority of so-called nephritides the amylase value of 


33 Hirata, G Biochem Ztsclir , 1910, xx^m, 23 
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twenty-four-hoiii specimens of urine is markedly below noimal and in 
very few of the remaining cases does it exceed low normal limits It 
must be admitted, on the other band, that undoubted cases of severe 
chronic diffuse nephritis, proved by necropsy, and by the presence of 
every characteristic clmical symptom, have shown normal d readings, 
but these cases may also show one of the other functional tests to be 
normal 

In all of the thirty-five cases of renal disease shown in Table 1, the 
“d'' value of the urine has been estimated one or more times In all but 
two of the cases the phenolsulphonephthalein test of Eowntree and 
Geraghty has been made, and in the ma 3 ority of instances on the day 
piecedmg the ‘^d” estimation 

A word as to the technic of peifoiming the phenolsulphonephthalein 
test in the First and Second Medical Divisions of the Presbyterian Hos- 
pital may be of seivice The patient is given 200 to 300 c c of water 
twenty minutes previous to tbe administration of 6 mg of the ding, 
winch IS given intramusculaily in all but a few instances, when it is 
given intravenously The time of first appearance is noted The speci- 
men foi this can usually be obtained by getting patient to void, if this 
IS not possible, a cathetei is used Then the urines collected the first and 
second hours are estimated separately The figures given aie the totals 
of the fiist- and second-hour amounts The time of appearance and the 
separate amounts foi each hour are not deemed of sufficient impoitance 
in their lelation to the values to be tabulated With the estimation 
of amylase, tbe quantity, specific gravity, reaction, albumin, casts and 
blood were noted in all twenty-four-hour specimens, not only on day of 
“d” estimation, but at intervals duiing their stay in the hospital 
Albumin and casts are tabulated as an average finding in several exam- 
inations during the test periods or albumin as a separate finding when 
its relation to the reading is important 

The diagnoses appended are clinical and made at the time of dis- 
charge of patient Secondary conditions and necropsy findings are given 
when they occur 

From Table 1, if we consider eight as low normal limit, it will be 
seen that twenty-three of the thirty-five cases of nephritis, or 65 7 per 
cent , show persistent subnormal or absent “d” values If we compare 
these values with the phenolsulphonephthalein readings we find that 
twenty of the correspondmg cases also show a lowered phthalein excre- 
tion, assuming anything below fifty to be subnormal Of the remaining 
three cases, one (27) was a severe case of nephritis and the phenolsul- 
plionephthalem test was not made, as it was not deemed advisable to 

34 Cases 15 and 24 are here included as the later high readings for phenol- 
sulphonephthalein were not explained clinically 
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disturb the patient, while in the other two cases (14 and 33), which 
showed phenolsulphonephthaleins of 67 per cent and 52 per eent,'iespec- 
tively, with "d” readings of four in each case, no definite theory can be 
advanced to explain the discrepancy, unless, as in Case 14, the mild 
degree of diabetes and secondary anemia can explain it Low “d” read- 
ings in these conditions having been found by other observers, Marino,^® 
ISTeuman,^® Wynhausen,^® etc Case 32, however, cannot be explained on 
any such basis 

Of the twelve cases which do not show subnormal ‘‘d” values in every 
estimation, three show it in two or more readings and their average would 
be subnormal Two of these three cases, namely. Cases 8 and 25, show 
low phenolsulphonephthaleins, whereas the othei case (1) shows one 
lowered phthalein and two readings above normal This latter case was 
one of severe nephritis and the patient died in a uremic condition 

This leaves nine eases of nephritis, as evidenced by clinical signs, in 
which there was a low normal or normal ‘^d” reading Of these, one (4) 
did not have the phenolsulphonephthalein test made Of the remaining 
eight, five, that is. Cases 12 16 18, 22 and 26, gave normal ‘‘d” leadings 
and slightly subnormal phthalein readings, while three eases, namely, 21, 
23 and 36, gave noimal and phenolsulphonephthalem readings 

To summarize, then 

In thirty-three cases both tests were made 

In twentj''-two cases subnormal readings were shown for both tests 

Three of the remaining eleven show diminished ^^d^^ with normal 
phenolsulphonephthalein (Cases 1, 14 and 32) 

Five show diminished phenolsulphonephthalem with normal '‘d’^ 
readings 

Three of these cases (16, 18 and 26) show a diminution of phthalein, 
which was very little below normal. Case 18 having at one time 69 per 
cent The remaining three agree in that they show normal “d” and 
phenolsulphonephthalein readings 

Case 17, J T , calls for more detailed comment I have included this 
case among those that give a low reading for both tests, because at the 
height of his kidney condition they both shouted very low readmgs This 
w^as in the latter part of January At that time the edema was extreme, 
the urine quantities very small, blood-piessure was high and the patient 
was rapidly going into uremia January 30 a double decapsulation of 
the kidneys was made, and from that time on until July, when he was 
discharged, his kidney condition improved remarkably The edema dis- 
appeared, the urine mcreased and the blood-pressure fell Both func- 
tional tests came from extremely low leadings to high normal readings, 
one amxdase reading, March 6, 1913, showed low noimal limit, but 
immediately rose again The patient developed pulmonary tuberculosis 
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a month after the opeiation. and although this improved slightly, it still 
peisisted at the time of his leaving the hospital Three high normal "‘d” 
leadings were obtained before fever developed, which was persistent but 

slight 

In Cases 1, 8 and 25, we find that there is not absolute agreement in 
all of the ''d” readings, taken as an aveiage, they are below normal, and 
should be interpreted as such In Case 1 it must be noted that the 
phthalein average was normal 

It IS of interest further to note that in eveiy case when the "d” value 
was normal with small amounts of albumin the phenolsulphonephthalein 
was also normal 

In Case 8, it is of interest to note that the reading of 16 was obtained 
during a period of marked clinical improvement, whereas the other 
leadings were obtained during the reverse condition 

As regards the relationship existing between the "d” reading and the 
severity of the nephritis, I am unable to diaw any definite conclusions 
In this connection, Wynhausen^® states that the lower the ^'^d” reading 
the more severe the nephritis Some patients with low and in some cases 
absent readings, were discharged apparently improved Of course, 
there has not been sufficient time m some cases to determine what the 
outcome will be, while in others there is no data as to what may have 
occurred aftei the patient left the hospital 

On the other hand, three patients with normal or high normal “d” 
leadings have died In one of these cases (No 4) death was probably 
due to complicating disease Excluding this case, it will be seen that nine 
of the eleven patients who died had low ^^d’’ readings 

OAEDIAO DISEASE 

In Table 2 nineteen eases of cardiac disease are tabulated In some 
of these at certain times during which the patients stayed in the hospital, 
there were marked evidences of acute myocardial insufficiency In all of 
the nineteen cases phenolsulphonephthalein and “d” readings were made, 
and in seven of flie cases two phthalein readings weie made, one at the 
time of acute decompensation and a second one later Six of these eases 
showed low readings at the time of decompensation and normal readings 
latei This was rather a stiikmg feature of these cases, a fact that has 
already been pointed out by Eowntree, Geragbty and Eitz who produced 
vaiymg grades of chronic passive congestion of the kidneys in dogs, and 
found in the severe types of congestion a marked diminution in the 
phthalein output Tins, Eowntree and Eitz^c kter confirmed in their 
clinical findings in a series of cardiac cases, which at the time of acute 


35 Ro-wntiee, G«raglity and Fitz The Ahchives Int Med , 1913, xi, 121 
30 Roivntree and Fitz The Akchu'es Int Med , 1913, xi, 258 
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32 

16 
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0 
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32 
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0 
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32 

32 

64 

450 
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9 

F S 

F 
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16 
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F Tr 

0 

0 

10 

R 

M 

2/ 5/13 

2 
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0 

0* 

11 
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M 

2/ 4/13 

8 
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H Tr 

0 

0 

12 
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F 
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32 

16 
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0 

0 

0 

13 
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F 
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16 
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32 
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F Tr 
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15 

16 

17 

18 
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F 

F 

F 
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16 

16 
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8 

16 

16 

16 

16 

880 
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1,000 
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1,400 
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* Blood-pressure systolic, 110 










ER Cardiac Diseases 



10 / 18/12 
11 / 5/12 
11/11/12 
12/ 6/12 
1 / 7/13 

1 / 8/13 

1 / 11/13 

12/10/12 

12 / 23/12 

12 / 30/12 

1 / 14/13 

1 / 10/13 


1 / 20/13 

2 / 15/13 

1 / 23/13 

2 / 2/13 

2 / 3/13 

2 / 2/13 
2 / 10/13 
2 / 14/13 

2 / 16/13 

2 / 17/13 
3 / 7/13 
3 / 1/13 
3 / 12/13 
4 / 7/13 

4 / 7/13 
1 / 17/13 


Chiomc cardio valvular disease (This was during an Improved 
acute attack of decompensation ) 


Cliionic cardiac hj'pertrophy Cardiac dilatation Emph- 
ysema of lungs 

Chronic cardio valvular disease 

Chronic cardio valvular disease 

Chronic cardiac insufficiency and myocarditis 

Chronic car dio valvular disease, aortitis 

Chronic cardio-valvulai disease, mitral regurgitation, 
aortic regurgitation (Necropsy diagnosis same as 
clinical ) 

Chionic cardiac insufficiency, hydrothoiax 


Chronic cardio-valvular disease, acute endocarditis 
(fever ) 

Chrome cardio valvular disease, subacute articular rheu- 
matism 

Chronic cardio valvular disease, auricular fibnllation 
aoitic roughening and stenosis 

Obesity and fatty heart 

Chronic cardio valvular disease, cardiac hypertrophy and 
dilatation 

Chronic car dio valvular disease, septicemia (fever), 
acute pericaiditis 

Chronic cardio valvular disease, cardiac hypertrophy and 
dilatation 

Chronic cardio valvular disease 

Chronic cardio valvular disease 

Chronic cardio valvular disease, hydiothoiax 

Chronic car dio valvular disease 


Improved 

Improved 

Improved 


Improved 


Improved 

Improved 

Improved 

Improved 


Improved 

Improved 

Improved 

Improved 

Died 
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msuffieiency showed low phthalein readings, with subsequent noimal 
readings when the sjmptoms of decompensation cleared up and theie was 
no concomitant nephiitis 

In only one case in Table 2 hai^e synchionous ^^d” and phenolsulphone- 
phthalem readings been made duiing the time of decompensation, and 
later when compensation was restoied In this ease (Fo 8), when the 
phthalein was 4 per cent the “d” value was 32, while nearly a month 
later the phthalein had increased to 43 per cent and the “d ’ reading to 
64 In another case (Ho 19), during decompensation, when the 
phthalein was low 34 per cent , the ^^d reading was 16, oi normal 

In view of the fact that at the time of acute decompensation with 
diminished phenolsulphonephthalein excretion theie is neaily always a 
large amount of albumin and many red blood-cells, we would not expect 
to find low “d” readings, and in the few cases observed this has pioied 
to be the ease, in fact, it has been rathei high noimal So that we must 
conclude that the ‘‘d’’ reading shows very little if anything as regards 
functional activity dining the periods of decompensation If it can be 
shown that duiing the period of passive congestion, the urine, in spite of 
the presence of albumin and blood, gives a leading of 8 oi 3 6, and then 
later when these two constituents are diminished or absent and the heart 
condition has improved, the reading is still the same or perhaps increased 
to 32, we might readily assume that what in other circumstances would 
be taken for a normal reading had really been an expression of impaired 
function 

Generally speaking, twelve out of nineteen cases show normal phenol- 
sulphonephthalein (after the peiiod of decompensation readings of 48 
per cent and 47 per cent included) and also normal “d ’ readings Of 
the remaining seven cases, three (3, 8 and 31) showed only slightly 
impaired phthaleins with normal ‘^d” readings and in none of these 
cases were fiiithei phenolsulphonephthalein tests made 

Three cases showed phthaleins langing from 28 to 34 and noimal 
“d” readings Of these last three cases. Case 2 showed very high 
128, but theie was much blood in the specimen Case 19 showed marked 
passiie congestion of lungs and livei as well as kidneys during the stay 
in the hospital, and while the ‘'d” reading is 16, the possible influence of 
concentiation of the urine, blood and albumin must be noted The third 
case in this group is one where the phenolsulphonephthalein was 28 pei 
cent and the “d” reading 16 Heie there is a possible influence exerted 
by fever 

There is one at-\pical ca'^e in this gioup and that is Case 10 
Phthalem reads 51 per cent and “d” 2 That there was any renal 
involvement in this case was certainly not demonstrable clinically, eitliei 
at the time of admis'^ion to the hospital or at any subsequent time It 
must remain unexplamed 
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In this series of caidiac cases there are only thiee in which the 
mfliieiice of uiinary concentiation should be considered, namely Cases 7 
and 19 In both these cases we may consider a lower reading than that 
given to be possible, but the question as to what the ^^d^ readings might 
have been, had the mine quantities been larger, was not determinable in 
either case In Case 11, with 3,210 c c of mine and a reading of 8, a 
highei reading, let us assume, to 16 would still have been in accoid with 

what other cases of this series show 

In Table 3 thirteen eases of varied clinical conditions aie tabulated 
In this table each case or each group of cases must be considered 
separately 

DIABETES 

First of all let us consider diabetes Only two cases aie to be found 
in this lable, while the other two aie found in Table 1 It must be 
acknowledged that both cases in Table 1 cannot be considered as pure 
cases of diabetes There was doubt in the minds of those who studied 
Case 14, E P (Table 1), as to whether the nephritis oi glycosunc con- 
dition was the primary one Also in Case 2, L K (Table 1), the question 
not only of nephiitisbut of dyspituitaiism entered into the consideration 
The glycosmia in this case was small but persistent, and failed to yield 
at all to dietary measures "We find that both these cases showed sub- 
normal ^^d” leadings with normal amounts of urine The phthalein in 
one case, that of L K (Case 2, Table 1), was a shade undei the normal, 
while with E P (Case 14) it was normal The clinical findings all 
pointed to an underlying chronic nephritis, and for this leason I have 
classed them as nephntics 

Case 6, J C , and Case 12, Wm McG (Table 3), were quite different, 
as the patients undoubtedly suffered from a primaiy diabetes mellitus, 
with laige sugar outputs^ and in Case 6 multiple fmunculosis with 
diaeetic acid and acetone in the mine The urine quantity was low in 
Case 6, but a poition was lost, in fact, twenty-four-hom specimens were 
veiy hard to obtain The patient had a normal “d” reading with little 
albumin and little blood, as did also Wm McG 

No conclusions fiom these four cases aie 3 ustified 
Foster,-* as early as 18G7, investigated amylase in the mine of 
diabetics, and concludes that its value floes not exceed normal limit'? 
Leo-‘ and Benderesky®® found amylase increased in mine of diabetics 
Lepine'* found it decieased in the same disease Enriquez and Binet®® 
found the amjdase values high in diabetes, decreasing as the sugai con- 
tent of the mine decieased Loepei and FicaP® found it decieased, while 

37 Leo Verhandl d VII Kongr f mn Med, 1888 

38 Benderesky Virchows Arch f path Auat , 1890, 121, 554 

39 Enrique? and Binet Coinpt rend hebd Soc de biol de’pans, 1908, ]\v, 577 

40 Loeper and Ficai Arch de mCd e\p6r et d’anat path , 1907, xix, 722 
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Misclllanlous Cases 


Uime 



Phenol- 


Diagnosis 

Besult 

sulphone- 
phtlialem 
Pel Cent 

Date 



41 

10/25/12 

Brain tumor (No necropsy ) 

Died 

63 

10/30/12 

two days 
i aftei 

bilateral 
decom- 
pression 

Multiple myelomata (Bence Jones bodies in mine) Fiac 


24 

10/26/12 

Improved 



tuied ribs 


None 

made 


Syph arthiitis knee 

Improved 

None 

made 


Pyelitis Cystitis of pregnancy 

Improved 

i 

None 1 


1 

Evophtlialmic goiter, glycosuria 

t 

Improved 

made 

None 


Diabetes mellitus , multiple staphylococcic abscesses 

Improved 

made 


(fever) 


None 


Diabetes insipidus 

Improved 

made 

None 

made 


Hvpeitiophic ciirhosis of liver, cholangitis, ascites 

Improved 

58 

1/21/13 

Complete aboition, albuminniia of pregnancy 

Improved 

09 

2/12/13 

Exophthalmic goitei 

Improved 

None 

made 


Asthma 

Impi oved 

None 

made 


Diabetes mellitus, syphilis 

Improved 

47 

5/20/13 

Chionic bronchitis 

Improved 
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Clark^^ found it absent These were the most important contributions to 
the literature on this subject prior to 1908, when Wohlgemuth proposed 
the “staich lodm” method All investigations prior to this had lacked 
reliable and uniform methods of estimating amylase, consequently these 
results are questionable 

Wohlgemuth’^^ with four cases, Wynhausen’^® with forty, EosenthaT'* 
with ten and Maiino^® with ten, find generally low readings in diabetes 
some cases showing entiie absence of amylase Corbett® confiims this 
Benczur^- denies any variation from normal None of the preceding 
■writers seem to appieciate the possible effect of the tremendous diuresis 
which usuallv accompanies this disease, as a factor in loweiing the ^'d” 
leading, or if they do, they merely add that there seems to be no relation- 
ship Coibett® does, but in spite of this, insists on subnormal readings 
for the majority of cases under treatment Wynhausen^® says that the 
lower the “d” leading the more severe the disease and the higher the 
reading the mildei the disease Another veiy important complicating 
faotoi, which is so often found in diabetes, is nephiitis, and this m itself 
would account for low ^^d” readings Wvnhausen^® and EosenthaT^ 
acknowledge its presence in the large majority of their verv low “d” 
readings, but fail to appreciate its importance Marino^® also merely 
alludes to it Even in those cases in which no urinary evidences of 
nephritis are present, we cannot exclude varying degrees of kidne'v^ 
damage as evidenced, for instance, by decreased permeability for sugar 
itself, increased blood-pressure, etc 

In view of the great importance of these two factois, namely, extieme 
diuresis and nephritis, on the values of the “d” readings apart from any 
othei condition, it does not seem justifiable in the light of our present 
knowledge to attribute the low ‘^d” leadings or even the absence of 
amylase to diabetes per se, but rather to legard them as evidences of a 
complicating condition 

Case 2, L K and Case 14 E P (Table 1), with low “d” readings, 
are ceitainly suggestive of the above, particularly when contiasted with 
Case 6, J C and Case 12, Wm McG (Table 3), who, without evidence 
of renal disease, give normal “d” readmgs 

Diabetes Insipidus — Case 7, T M (Table 3), a child aged 7, is the 
only case of the kind that I encountered Strauss^® repoited two cases in 
which not only was there no amjdase found, but also no pepsin The 
absence of the latter had only been met twice before, once in a case of 
uremia and the other in a case of carcinoma of the stomach Eosentbal'*’' 
leports a case in which he also failed to find amylase in the mine, except 

41 Clark Glasgow Med Jour 1905, June, 632 

42 Straus H Deutscli med Wclmsclii 1912, n, 103 

43 Eosentlial A Berl klin Wclinsclir , 1912, \li\, 1205 
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in an occasional examination, wlien it was greatly diminished Benczni 
reports one case m which it was present in normal amount Braun- 
schweig/^ woiking in Straus’ clinic, has also failed to find pepsin in the 
urine of such patients The case (No 7) reported m Table 3 shows the 
amylolytic ferment to be greatly diminished 

M G (Case 4, Table 3) was not included under the nephritics, as the 
condition was confined to the right kidney alone, and at the time of these 
examinations there was no definite evidence of kidney involvement under 
cystoscopic examination This evidence was present one month latei 

A N (Case 1, Table 3) shows a possibility of some renal involve- 
ment but aside fiom a very faint trace of albumin and a few hyaline 
casts, there was no definite evidence from a clinical standpoint It must 
be repaid ed as an unexplained case of low ‘^d” reading The patient died 
two days aftei bilateral decompression, no tumor was found, there was 
no necropsy 

T T (Case 8, Table 3) had bile in the urine, and is interesting from 
the standpoint of what Wohlgemuth^^ has shown, namely, that bile in 
small amounts accelerates amylolytic action, while in large amounts it 
inhibitis the action 

It IS to be regietted that no eases of pancreatic disease have been 
studied m mew of the tremendously high ^^d” readings so uniformly 
found in these eases 

CONCLUSIONS 

1 The amount of amylase in the twenty-four-houi specimen of a 
noimal individual estimated by the Wohlgemuth method varies within 
verj nairow limits, and for a given case is almost a constant factor 

2 The “d” value of the urine, in the vast majority of cases of chronic 
or acute nephritis, is subnormal or totally absent In the preceding series 
of thiity-five cases, 77 1 per cent show this 

3 Only in extreme variations in concentration under 500 and over 
2,500 c c can this factor be considered to have appreciable influence on 
the "d"’ 1 eading, and under these circumstances due allowance should be 
made m the interpretation of values of "d” obtained 

4 The majority of iioimal readings obtained in cases of chronic 
nepbiitis were from urines containing considerable albumin, seven out 
of nine cases with normal readings This simply confirms the work of 
other investigators and leads us to assume that the presence of albumin 
itself mci eases enzymic activity or m the process of its excretion causes 
more enzmue to be given to the urme Allou ance must always be made 
for tins factoi in estimating the "‘d” value in nephritic urine 

44 Braunschweig Dissertation, Leipsic, 1910 

45 Wohlgemuth, J Biochem Ztschr , 1909, x\i, 447 
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5 As a test for renal function in nephritis the readings for “d” agree 
lemaikably well with those of the phthalein test, if we adopt a definite 
normal limit for both tests, namely, 50 per cent for the latter and 
“d” = 8 for the former The adoption of 50 per cent as low noimal 
limit for the phthalein test is one winch I think is pietty well accepted 
by most clinical observers 

6 The degrees of impairment as indicated by percentages in 
phthalein leadings and graded dilutions in the “d” estimation do not 
permit comparison This could hardly be expected 

7 Cardiac cases with symptoms of decompensation do not show 
lowered ‘^d” values for urine, ivhile the phthalein test is usuallv sub- 
normal The normal “d” reading in these cases is probably due to 
albumin or blood oi both 

8 Final conclusions as to the relative meiits of these two tests both 
as to the diagnosis and prognosis, must await the results obtained fiom 
a larger number of oases Meanwhile I would urge that the “d” test be 
given an exliaustive trial with relation not only to the phenolsulphone- 
phthalem test, but also to othei tests of renal function 

My cordial tlianks are due to Drs Janevay and Longcope for many valuable 
suggestions, and to the members of the house staff for their cooperation during the 
course of this woik 

437 West Fifty-Ninth Stieet 



THE CLINICAL STUDY OF IIYPERCHOLESTEEINEMIA 

HARRY B SCHMIDT, MD 

ANN AREOB, Mien 

That lipoiclal snhstances play an important role in the animal body 
IS now generally recognised They occur in practically all the bodj- 
tissnes and the amounts are increased in sclerotic blood-vessels/ in the 
white plaques of retinitis," in xanthomata, in old infaicts, in caseous 
tuberculous material and in the cholesteatomatous tumors of the ear and 
eianial cavity The activity of certain anesthetics vanes with then 
lipoidal solubility and hemolytic processes may be accelerated or retarded 
by the piesence of hpoids Quite recently a number of relatively simple 
methods have been desenbed for determining the amounts of lipoids, 
and especially of cholesteiin, in small quantities of blood or blood-serum 
As a result, data concerning the quantity of cholesterm in normal and 
pathological bloods aie now rapidly accumulating It is the purpose of 
the present paper to review these recent studies of cholesterinemia and to 
piescnt a senes of peisonal observations 

The methods used for determining the amount of cholesteiin in the 
blood depend on a variety of principles Since free cholesterm piotects 
red corpuscles from hemolysis by saponin, it has been proposed to esti- 
mate the amount of fiee cholesterm m the blood-serum by determining 
the degree to which the serum will protect washed red cells fiom hemoly- 
sis by saponin ® In most other methods the cholesterm is fii st extracted 
liom the blood or seium and the amounts extracted are then deteimined 
eithei by direct weighing, by weighing after pi ecipitation ivith digitonm, 
or by coloiimetiic methods The extiaction is of gieat importance 
because cholesteiin is present in the blood laigely m combination with 
fatty acids oi othei substances and the amount extracted depends on the 
degiee to which these combinations are biokcn up For this reason the 
simple extiaction of dried blood or blood-seiura m the Soxhlet apparatus 

* Fiom the Department of Intel nal iledicine, UniYeisit}^ of hliclngan, Depait 
nicnt of Medicine and Singeiy 

* Submitted foi publication, July 30, 1913 

1 Windaus Uebei den Gelialt noniialen und atlieromatosen Aorten an 
Cholesteiin und Cholestei inestei , Ztsclir f physiol Chem , 1910, Kvii, 174 

2 Chauffaid, A , de Font-RCaulx and Laroche, G Nature cholest€rinique des 
plaques blanches rfitiniennes dans un cas do rgtinite albuminunque Comnt lend 
Soc de Biol , 1912, K\in, 2S3 

3 Boulin L, and Flandin, C Proc4d<S lapide de diagnostic de I’hypei- 
chQlcstdrmenne 1 I’aide de la sapomne, Compt rend Soc de Biol , 1912, Ivxn 28 
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uniformly fails to yield tlie total fiee and combined cholesteiin present 
The method which we have used is based on the methods described by 
Grigaut^ and by Weston and Kent® In extracting we followed the 
method of Grigaut, in which a pieliminary tieatment of the blood-serum 
with an alkaline alcoholic solution at a high temperature is used to break 
up the eholesterin compounds The coloiimetiie estimation of the 
amounts of eholesterin subsequently extracted was made according to the 
modification of Salkowski’s test described by Weston and Kent 

TECHNIC 

In biief, oui pioceduies were as follows 

Tm’O cc of blood serum were placed m a pressme bottle of 150 cc capacity 
To tins yas added 20 cc of 1 per cent solution of potassium liydioxid dissohed 
in 50 per cent alcohol The cover ivas screwed down and the whole placed in 
a boiling water-bath for fiom fifteen to twenty -minutes ^fter removal from the 
water bathj the contents of the pressuie bottle were allowed to cool and were 
then shaken with 60 c c of ether The ether was decanted into a separating funnel 
and 30 c c more of ether was added to the remaining fluid and sliaken vigorously 
as before This was again decanted into the funnel and any aqueous liquid which 
separated from the ether was removed This was then washed with 80 cc of 
distilled water The etheieal extract, after sepaiation from the wash vater, vas 
pouied into an evaporating dish and evapoiated nearly to dryness, leaving behind 
the small yellow oily droplets containing the eholesterin Five c c of chloi of orm 
(Meick’s blue label) was then placed on the evaporating dish and lotated care 
fully so as to dissolve the oily droplets ns completely ns possible This cliloioform 
solution was transferred to a convenient receptacle, and n second 5 c c of cliloro 
foim was then used to wash the evapoiating dish and were added to the first 6 c c 

The amount of cholesteiin in the chlorofoim solution vas determined by com- 
paring its color reaction with those of eholesterin chloroform solutions of known 
strength These standard solutions were prepared by dissolving Meick’s 
eholesterin in pure chloiofoim (Merck’s blue label) and by preparing a 
senes of dilutions of varying strength so that the amount of eholesterin 
mice of chloroform varied from 0 0002 to 0 OOOd gm A set of test 
tubes of uniform bore were arranged in a lack and 1 cc each of the known 
solutions of cholesteiin were added in ascending series, as w'as also 1 cc of the 
eholesterin solution prepared fiom the blood-serum It was often necessaiy to 
dilute the latter so that the amount w'ould fall within the scale of the known 
quantities To each tube was now added 0 1 cc of concentrated sulphuiic acid, 
and the mixture was thoroughly shaken After thirty minutes 1 c c of chloroform 
was added to each tube and after being placed for fifteen minutes m a dark room, 
the color of the unloiowai solution was compared with that of the known This 
method was found to be exeeedmgh sensitive and differences in the oiiginal fluid 
of 0 00005 gra per cc could be detected Successive leadings fiom the same 
serum also gave concordant results, and even after sereral days’ standing, little 
or no diminution in the amount of the eholesterin in the seium could be discorcred 

4 Grigaut, A Sur le dosage de la cholest6nne dans les tissus, Compt rend 
Soc de Biol, 1911, Ixxi, 441 

5 Weston, P , and Kent, G Determination of the Cholesterol Content of 
Human Serum by the Coloi imeteric Method, Jour Med Bescarch, 1912, xx\i 531 
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THE AMOUNT OF OHOLESTERIN IN NORISIAL BLOOD 

The amounts of cholesterm m normal blood-serum found by various 
observers who have used methods similar to the preceding, have been 
faiily concordant Thus Grigaut placed the noimal limit from about 
1 S to 1 8 gm per liter of blood-serum, Weston and Kent® found from 
1 17 to S 97 with an average of 1 83 gm , Henes® found fiom 1 4 to 1 8 
gm per liter of blood-serum, and Widal, Weill and Laudat’^ found 1 74 
and 1 95 in two normal fasting individuals Iseovesco® has described a 
more elaborate extraction method, which apparently yields somewhat 
larger quantities than the above® As will be seen from Table 1, the 
cholesterm in normal blood-serum as estimated by the method which we 
used, varied between 1 20 and 1 75 gm per liter Amounts of 3 0 gm 
per liter oi over may be regarded as definitely pathological When those 
with marked thickening of the peripheral arteries and high blood- 
pi essure were excluded from consideration, the age of the individual did 
not influence the amount of cholesterm in the serum This is of inter- 
est in view of the fact that Wackei^® observed an increase in the choles- 
teim content of the reserve fat of aged persons, and Eobertson and 
Burnett^^ have advanced the view that an accumulation of cholesterm 
m the body may account for the well-known incidence of carcinoma 
with advancing age 


TABLE 1 — Cholfsterin in Normal Blood Sera 


Age 

Obsei rations 

Amount in Gm pei Liter 

10 19 

1 

1 40 

20 29 

5 

1 60 1 27-1 75 1 45 1 50 

30 39 

3 

1 65 1 25 1 35 

40 49 

1 

120 

50 59 

3 

1 45 1 55 1 20 

60-69 

4 

1 30-1 20 1 30-1 35 


The cholesteim of the blood is not distributed evenly between the 
plasma or serum on the one hand and the red corpuscles on the other 
Iseovesco^® found varying relations between the two Henes® found that 
on the aveiage 64 5 per cent of the blood cholesterm was present m the 

6 Henes, E Untersucluingen uber den Cholestermgehalt deg mensebheben 
Blutes bei inneren Erkrankungen, Deutsch Aich khn Med, 1913, cxi, 122 

7 Widal, Weill and Laudat La hpSmie des bngbtiques, Semame mfid , 1912 
\A\n, 529 

8 Iseovesco, H Compt rend Soc de Biol , 1912, Ixxu, 257 

9 Defaye La cholest6r6inie. Etudes climques, Umv de Bordeaux, No 126 
1911-1912 Quoted by Henes 

10 Wacker, L Ztschr f physiol Chem , 1912, Ixxx, 383 

11 Robeztson and Burnett Preliminary Communication on the Pait Played 
bv Cholesterol m Determining the Incidence of Carcinoma, Proc Soc Exner Biol 
and Med , 1913, x, 140 

12 Iseovesco, H Les lipoides du san Dosage compaiatifs des lipoides des 
globules fiais et de s6rum, Compt rend Soc de Biol , 1912, Ivxii, 985 
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serum and 45 5 pei cent was m the coipuscles, so that when the seium 
was used for deteiminations the results 'i\eie higher than when the whole 
blood was used Gngaut and L’Hnillier^® obtained similar results in noi- 
mal individuals, but they found that in pathological conditions the 
amounts in red blood-corpuscles remained faiily constant, even when the 
amounts in the blood-seium varied widely Foi this reason the blood- 
serum IS, as a rule, a more sensitive indicator of pathological changes 
than IS the whole blood, and we have, therefore, made all of oui deter- 
minations with blood-serum 

A number of authors have studied the effect of eholestenn ingestion 
on the eholestenn content of the blood While some have failed to 
observe any relation between diet and cholesterinemia oi between tlie 
amount of eholestenn taken by mouth and the amount in the blood, a 
number of recent workers have confirmed the opinion of those who have 
held that the eholestenn of the body is derived, in part at least, from 
the eholestenn in the food Thus Gngaut and L’Huillier^® were able 
to raise the eholestenn content of a dog’s blood from 1 8 to 3 0 gm per 
liter by feeding 1 gm of eholestenn a day, and in another animal the 
content was raised from 1 8 to 3 8 by feeding 2 gm of eholestenn a 
day After the feeding was discontinued the amounts of eholestenn in 
the blood-serum returned to normal rather rapidly Similar observations 
with similar results have been made on man by Widal, Weill and Laudat, 
by Henes and by Lemoine and Gerard The eholestenn content of the 
blood may be raised either by feeding pure eholestenn or by giving a 
diet rich in this substance 

PATHOLOGICAL VABIATIONS IN THE CHOLESTERIN CONTENT OF THE BLOOD 

It has long been known that the serum of certain patients is milky 
instead of being clear These lactescent serums aie in general associated 
with in Cl eases in the amounts of lipoid substances in the blood as deter- 
mined by chemical methods, and in general also with hypercholestenne- 
mia Widal, Weill and LaudaG have shown, however, that the lipoids 
maj’’ be increased even though the serum is not milk}'^ and that no close 
parallelism exists between the degree of lactescence and the amounts of 
lipoids detei mined chemically 

13 Gngaut and L’Huilher Taux compare de la cliolestCi me des liCniaties ct 
du s6rum dans le sang normal et patliologique, Compt rend Soc de Biol , 1912, 
Kvin, 202 

14 Doree, Gardner, Fraser, Ellis Ougin and Destiny of Cholesterol in the 
Animal Organism a series of papers in the Proc Eo 3 al Soc , 1908 to 1912 

15 Gngaut and L’Huillier Hj percholestei in6mie d’origine alimentaire die/ le 
cliien, Compt rend Soc de Biol , 1912, Iwiii, 304 

16 Lemoine, G , and GCiard Variations du tau\ de la cholestCnne par lapport 
a I’aliraentation, Bull ct niCni Soc mfd d hop , 1912, 031 
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Uypercliolesteriiiemia lias been fiequently encounteied in diabetes 
Giigant and Chanlfaid mention such an inciease frequently Buiger 
and Beuiner^^ found an increase in four out of five diabetics, three of 
whom had milky serums Henes found an increase in two out of seven 
patients Apert, l^echry and Bouillaid^® were unable to find any definite 
increase in most of the diabetics whom they examined 

Oui own observations on patients with diabetes are shown in Table 3 
It will be seen that pathological incieases of the cholestenn were present 
in SIX of ten patients, and that the largest amount occurred in a patient 
with diabetic coma In two of the patients the cliolestermemia was 
increased aftei the sugar had been removed from the urine by placing 
the patients on a standard Von Koorden earboliydrate-fiee diet Whether 
tins use was due to an increased amount of cholestenn in the diet or to 
an inci eased mobilization of lipoids already in the bod}’’, I am unable 
to say 

TABLE 2 — ClIOLESTERiNEMIA IN DIABETES 


Name 

Age 

Blood- 

pressure 

Sugar in 
urine 

Cliolestei in 
in gm per liter 

Remarks 

Str 

20 

120 

7 0% 

32 

Severe case 

Bn 

5G 

145 

4 5% 

4 15 

28 } 

33 C 

2 25 

Coma Mastoiditis 

Lai 

39 

130 

3 + 
t 0 
+ 

Diabetic gangrene 

Wil 

63 

175 

Arteriosclerosis 

MeB 

53 

135 

3 + 

( 0 

6 8% 

17 ) 

19 \ 

Mild case 

Wic 

38 

130 

28 

Seveie case 

Fee 

8 

110 

+ + 

3 

Severe case 

Dib 

58 

135 

+ 

1 3 

Very mild case 

Bar 

40 

140 

+ 

1 75 

Very mild case 

Hil 

30 

? 

+ 

18 

Mild case 


In jaundice due to an obstruction of the common bile duct there is 
unifoimly piescnt a liypercholesterinemia Cliauffard, LaRoche and 
Giigaut^'’ have ligated the common bile duct in the dog and have found 
that the amounts of cholestenn in the serum rose fiom the normal of 
175 gm to amounts which varied between 3 4 and 5 4 gm per liter 
These same author s=° have shown that hypei cliolestermemia may also 
result fiom a clinical obstruction of the common bile duct, wheieas in 
hemolytic 3 aundice the amount of cholestenn in the blood-serum is not 
iiicica«ed In five patients with obstructive 3aundice whom we have 

17 Bulger, M, and Beumer Zur Lipioidchemie des Blutes, Berl Um 
Wchnschi , 1913, \\, 112 

18 Apeit BGchery, and Rouillard Mesure de la cliolestei inCmie clic 7 les 
diabCtiques, Compt rend Soc de Biol , 1912, Ixxn, 822 

19 ClinifFaid, Laroche and Gngaut Reclierclies expfirinientales sur la clioles 
tCTinCmie aprhs ligature dii cholCdoque, Compt lend Soc de Biol, 1913, Ixxiv, 
1003 

20 Cliauffaid, Laroche and Ciigaut Le taii\ de la cholestdrine mie cher les 
hCpatiques, Compt lend Soc de Biol , K\, 1911, 20 
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studied there were definite increases in the amount of cholestenn in the 
blood It seems evident, therefore, that common duct obstiuction will 
lead to an increased amount of cholestenn in the circulation Wliether 
this IS dependent entirely on a resorption of the bile or whether it is due 
in part to an associated disease of the livei, does not seem to be estab- 
lished at the present time 

TABLE 3 — Chouesterin^emia in Jaundice 


Name 

Cholestenn m 
gm per liter 

Diagnosis 

Wo 

3 50 

Infectious (or catarrhal) jaundice 

Gr 

2 95 

Common duct stone with jaundice 

Ch 

2 85 

Common duct stone with jaundice 

Sh 

3 80 

Malignant obstruction of the common duct 

Tri 

3 90 

Malignant obstiuction of the common duet 


Hypercholesterinemia occurs with fiequency in patients with chrome 
Bright’s disease, high blood-pressure and related conditions I have 
devoted considerable attention to this group of eases with the hope that 
some relation might become evident between the hypeicholestiinemia and 
the individual manifestations of cardiorenal disease Our lesults which 
are shown in Table 4 have been arranged in the following Older the 
first four patients showed marked thickening of the peripheral aiteiies, 
but had no increase in blood-pressure and no albumin in the urine 
The cholesterinemias in these patients were 2 25, 2 3, 1 80 and 1 95, 
respectively The next group of patients showed chrome arterial hyper- 
tension without albumin in the urine In this group the cholestenn e- 
mias were 2 0, 2 37, 1 95, 2 76, 1 85, 1 26, 3 2 and 3 3 gm per liter The 
third group includes those with chronic hjqiertension and albumin in the 
mine, but with good functional tests of the kidneys In this group of 
patients, the figuies were 2 0, 5 3, 3 85, 3 85, 1 25, 2 15, 1 75, 2 1, 2 25, 
2 97 The final group includes those who showed more or less renal 
insufficiency as judged by the phenolsulphonephthalein test and an 
increase of hypobromite ‘ffirea” in the blood They are arranged accoid- 
ing to the degree of renal insufficiency, the more severe ones being placed 
last The cholesterinemias in this group of patients were 3 5, 4 0, 1 35, 
1 95, 1 85, 1 6, 1 73, 0 86, 0 8 In the first three of the preceding groups 
a hypercholesterinemia of moderate grade was encountered in the majoi- 
ity of the patients Some of the lower figures may possibly have been 
due to an associated edema It is interesting that we should have found 
an mcrease in the amount of cholestenn in two of four patients selected 
on account of a marked thickening of the peripheral aiteries who 

21 Chauffard, Laroclae and Gngaut Le taiuc de la cliolcstCnnCmie an corns 
des cardiopathies chroniqnes et des nephrites chroniques, Compt rend Soc de 
Biol , 1\N, 1911, 108 
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TABLE 4 — C^OI,ESTEm^ElIIA ik Vascular and Kenal Disease 





GROUP I 


Blood- 


Peripheral 

Age 

pressine 

Ui me Arteriosclerosis 

59 

145 

neg 

luaiked 

49 

154 

neg 

maiked 

07 

120 

neg 

marked 

75 

120 

neg 

marked 




GROUP II 


170 

neg 

maiked 

08 

180 

neg 

maiked 

53 

180 




210 

neg 

marked 

73 

190 

neg 

marked 

77 

240 

neg 

marked 

66 

210 

neg 

marked 

69 

210 

neg 


49 

180 

neg 

neg 




GROUP ill 

38 

210 




130 

Hy 

mod 

43 

230 

casts 



230 

Alb and casts 

slight 

39 

210 

Alb and casts 

slight 

40 

212 

Alb and casts 

maiked 

47 

230 

Alb and casts 

maiked 

05 

206 

Alb and casts 

marked 

58 

170 

Alb and casts 

maiked 

52 


Alb and casts 

marked 

45 

236 

Alb and casts 

Mod 

44 

265 

Alb and casts 





GROUP IV 

48 

172 

Alb and casts 

Neg 

20 

250 




230 

Alb and casts 

Neg 

54 

190 

Alb and casts 

Mod 

47 

204 

Alb and casts 

maiked 

58 

226 

Alb and casts 

maiked 

48 

170 

Alb and casts 

Mod 

46 

245 

Alb and casts 

maiked 

40 

105 

Alb and casts 

Mod 



Alb and casts 
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Phthalein 
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in gm per liter 
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* 
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25 
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1 80 




2 00 75 0 22 

2 37 

195 63 3 31 

2 75 

1 85 

1 25 48 8 59 

28 0 

3 2 60 5 65 

3 33 35 9 44 

69 

2 0 72 36 

5 3 40 48 

3 85 51 

3 86 77 5 31 

1 25 60 0 46 

2 15 5 

1 75 42 2 38 

2 10 74 7 65 

2 25 
1 97 

3 5 26 2 34 

4 0 34 0 71 

1 35 23 9 53 

1 95 22 3 SO 

1 85 12 1 55 

145 

1 6 
21 

1 73 6 8 2 02 

85 0 4 39 

08 


showed no evident signs of kidney disease, for ChanSaid^^ and Henes® 
found no definite relation between arteiioscleiosis and cholestexmemia 
In patients with high blood-piessure but without albumin in the uiine 
and without othei signs of nephritis, hypercliolestei memia is also com- 
mon Of the first three groups, the hyper cholestermemia is most 
marked in the third in which the high blood-pressure was associated 

22 Chauffaid, A Les depots locaux de chokstdnne et leur rapports avec choles- 
tCnnenue, Roa' domed , 1911, xaxi, 176 
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With evident renal disease The stiuV of Gioiip IV shoMs that when 
theie is marked lenal insiiflSciency, as measured by tlie phthalein test and 
by the accumulation of hypohromite "niea” in the blood, the cholesteiin 
content of the serum tends to fall and may even become subnormal 
Similai observations have been made by otheis,=^ and lYidal, Weill and 
LaudaV stated that they vere able to follow three patients in whom a 
fall of the cholesterin in the blood coincided with a rise of the incoag- 
ulable nitrogen It seems evident fiom these observations that a hypei- 
cholestennemia cannot be legaided as an index of renal insufficiency, foi 
it may be present in cases without manifest lenal disease, and it usually 
falls at the time of maximum letention of the urinaiy pioducts So fai 
as our observations go, it would seem that a hypercholesterinemia may be 
associated with the degenerative processes in the blood-vessels without 
manifest lenal disease 

Chauffard and his school have studied the amounts of cholesteiin in 
the blood during acute and chronic infections, and they have found that 
whereas in febiile tuberculosis the amount of blood cholesterin is dimin- 
ished,*® in t 3 ’^phoid fever it tends to be increased during the later stage 
of the disease They have also shown that in the latei stages of preg- 
nancy there is an increased cholesteiinemia I have made no special 
study of these conditions, but have determined the cholesterin content oi 
the blood in various conditions selected at landom Of these I wish to 
mention especially the ease of a young girl with multiple tumois in the 
subcutaneous tissues which clinically lesembled neurofibromas who had 
S 63 gm of cholesterin per liter of blood-serum Unfoi tunately, it was 
not possible to remove one of the tumors foi micioscopic examination 

THE HELATION OE CIIOLESTEMNCMIA TO LOCAL CHOLESTBEIN DEPOSITS 

It has been mentioned that in ceitain pathological conditions there 
are abnoimal deposits of cholesteiin in the body, and the question arises 
as to the i elation which may exist between such deposits and an increased 
cholesteiin content of the blood It is conceivable, for example, that the 
local deposits may depend entiiely on local conditions which either 
favor a deposit of cholesteiin from normal body fluids or which may 
possiblj’’ lead to a local production of cholesterin The cholesteiin 
deposits in infareted aieas and in tubeiculous caseous material seem to 
be due to such local changes, and it has been shown*® that in tubeieulosis 
tbe cholesterin of the blood is normal or diminished On the othei 

23 Cliauffnrd, Eicliet and Gngaut La cliolestCnngmie an cours de la tuber 
culose piilmonaiie, Compt lend Soc de Biol , 1911, Ivx, 27C 

24 Chauffard, Laroche and Gngaut fi-iolution de la cliolestCrmCmie cliez ks 
typliiques, Compt rend Soc de Biol , 1911, Iw, 70 

* 25 Chauffard, Laroche and Gngaut Eiolution de la cholestCnnCmie aii couis 
de I’gtat grandique ct puerpCral, Compt rend Soc de Biol , 1911, Kx, 530 
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hand, the cholosleim deposits may be regularly associated with such 
marked degrees of liypeicholesteiinemia as to favoi the new that they 
lesult in large pait fiom a surchaiging of the blood with this substance 
In such cases they may well be compaied with the tophi of gont and one 
may speak of a cholesterm diathesis Multiple tuberous xanthomas have 
been shown to be associated with maiked local deposits of cholesterm, 
and they aie known to occur especially in association with general con- 
ditions, such as diabetes and jaundice, in which marked degrees of hyper- 
cholesteiinemia are apt to be piesent furthermore, they have been 
shown to be associated with high degrees of cholesterinemia,”^’ so that 
they seem to depend on a surchaiging of the blood with this substance 
According to Chaufiard and Laioche,-® a similar relation exists for the 
more common xanthelasmas'* of the eyelids which are frequently encoun- 
teied in chionic jaundice, and in two of four cases these authors demon- 
strated that xanthelasmas weie associated with hypercholestermemia 
Gieatei inteiest attaches itself to the relation which exists between 
liypeicholesteiinemia and the cholesteiin deposits in the blood-vessels, 
the letinae and the arcus senilis coineae w^hich are so often associated 
with diseases of the kidneys and of the arteries We know that hyper- 
cholesteiinemia is frequent in such patients, and one is tempted to 
attiibute these degeneiations in pait at least to the hypercholestermemia 
present,^® and especially so as Anitschkou®^ has shown that experi- 
mentally one may pioduce similai changes m the arteries by the admin- 
istration of cholesteiin On the other hand, the cholestennemia is by 
no means constant in these patients, and when present it is usually of 
model ate degiee Should one assume, theiefoie, that the cholesterm 

deposits w'ere secondary to changes m the blood, one must postulate that 
theie had been times of greater cholestennemia during which the depo'^its 
occuiied The proof of such an assumption is not easily furnished and 
at piesent it seems raoie plausible to assume that these cholesterm depos- 
its occurred secondary to degenerative changes in the tissues Neverthe- 
less the frequent occuirence of hypei cholestennemia m such patients and 
the expel imental work of Anitschkou has opened up the whole subject of 
the lelaiion of aitenoscleiosis to liypeicholesteiinemia and a solution of 

2G Polht/ei S , and Wile, U J Xanthoma tubeiosum multiplex. Jour Cut 
Dis , May, 1912 

27 Tlnbierge and Wiessenbach Xanthome tubSieux dissGmind et g§n6ralis6 
avec hypcrchoIest€in6mie, Bull et mem Soc m6d d hOp , 1911, xxxi, 93 

28 Legendre, Joltrain and Levy-Franckel Xanthome diss6min6 et g6n6ralis§ 
avec cheloides secondaires, Bull et mem Soc m6d d hop , 1912, xxxiv, 539 

29 Chauffard and Laroche PathogGnie du xanthBlasma, Semaine mdd 1910 

vw, 241 ’ » > 

30 Lcmoine, G ThGorie de I’ai tdno sclSrose bas6e sur la cholestdrindmie 

Bull et mCm Soc m6d d hop , 1912, xxxin, 227 ’ 

31 Anitschkou Die pathologischen Veranderungen innerer Organe bei experi- 
mentellen CIiolesteiinester%erfettung, Deutsch med Wchnschr , 1913, xxxix, 751 
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this question is all the more uigent for the reason that should there be 
any relation between h3q)ereholesterinemia and arteiioselerosis it would 
lead to an endeavor to contiol the eholesterin content of the blood as a 
prophylactic measure in the prevention of aiterial degeneration 

CONCLUSIONS 

By the method which we haie used, the cholesteiin in the blood of 
noimal individuals is found to vary within rather nariow limits It was 
definitely mcreased in obstructive jaundice, in six of ten patients vith 
diabetes, and most patients vith maiked thickening of the peripheial 
arteries, chronic arterial hypertension and chronic nephiitis Wlien, 
however, there is a marked functional insufficiency of the kidney, the 
cholesterinemia may fall to normal or even below normal In a patient 
with multiple subcutaneous tumors (neurofibromas P) there was a marked 
hypercholesterinemia Excepting in the case of obstructive jaundice, 
where the cause of the hypercholesterinemia is in part at least due to a 
resoiption of bile, little is known about the etiology of pathological 
increases in the amount of eholesterin in the blood 



THE UREA CONTENT OE THE SPINAL FLUID WITH 
SPECIAL REFERENCE TO ITS DIAGNOSTIC 
AND PROGNOSTIC SIGNIFICANCE 

A SERIES OE NINETY-SEVEN CASES "• 

WILLARD B SOPER, MD, and SELMA GRAN AT 

NCW TOEK 

In a study of the liteiatnre concerning the niea content of the spinal 
fluid, we have been struck by the amount of work done on this subject 
by Flench clinicians as contrasted with its apparent neglect by German, 
English and Ameiican clinicians 

The normal quantity of urea in the spinal fluid, as indicated from a 
leview ot a considerable mass of material in the liteiature, varies between 
0 01 pel cent and 0 05 per cent Mollaid and Fioment,^ in 1909, 
reviewed the liteiature up to that time and cited the works w^iieh follow 
in biief Richet, in 1897 gave twenty-five analyses and stated ^^possibly 
urea” Deniges and Sabiazes, and Sabrazes and Binaud ^ m 1895, 
repoited two cases of tubeiculous meningitis showing 0 015 per cent 
and 0 035 per cent of urea m the spinal fluid Comba,® in 1899, repoited 
two cases of acute uremia, in which there was an increase in the total 
nitrogen of the spinal fluid Diiksen,^ in 1900, reported four cases, one 
of uremia in which the urea content was 0 04 per cent , while thiee cases 
in which there was no uremia showed 0 01 to 0 015 pei cent Caiiiere,® 
in 1905, stated that he had found the noimal amount of uiea to be 0 01 
to 0 015 per cent Emeiy® gave the normal as 0 035 to 0 04 per cent , 
Widal and FioiW as varying between 0 015 and 0 035 per cent , Castaigne 
and WeiP from 0 to 0 15 per cent , Graham Foibes® as 0 035 to 0 04 per 

*From the Laboratory of the Pieshytenan Hospital 

* Submitted for publication Aug 1, 1913 

1 Mollard and Froment UrCe dans le liquide cephalorachidien et urdmie 
Nerveuse, Joui de Physiol et de Path Gen, 1909, ii 263 

2 Sabiazfes and Binaud' Trait6 de pathologie G6neiale de Bouchard 1897, 
VI, 650 

3 Comba Chn Med Ital , 1899, No 9, p 555 

4 Dirksen Etude sur la composition chemique et la concentration mole 
culaire du liquide cephalorachidien, Thbse de Pans, 1900 to 1901 

5 CarnSre Etudes sui le liquide cCphalorachidien dans I’urSmie nerveuse. 
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cent Finally, Mollard and Froment asserted that noimally the quantity 
of urea in the spmal fluid was negligible, but in Bright’s disease it might 
increase to a point of diagnostic or prognostic significance Fiom the 
study of twenty-tin ee cases collected at that time they concluded (a) 
that a notable increase of urea in the spinal fluid could not be considered 
as pathognomonic of uiemia with involvement of the nervous system, 
since it might be found whenever the kidneys functionated improperly, 
(b) that a urea content attaining or exceeding 0 4 per cent meant a puie 
uremia and foretold a rapidly appioaching fatal outcome, (c) that a 
urea content below 0 4 per cent did not permit of definite conclusions, 
but should be consideied in conjunction with concomitant symptoms 

In 1910, Fromenf^® reviewed the liteiature, included the report of 
cases in his preceding article with Mollard, and collected reports of 
thirty-four new cases, making in all fifty-seven cases reported up to 1910 

From the study of these eases, Froment drew the following 
conclusions 

That all pathological conditions without kidney involvement showed a 
negligible quantity of urea in the spinal fluid, namely, 0 to 0,015 per cent and 
that it never attained 0 1 per cent , while in nervous uremia the content varied 
between 0 15 and 0 45 per cent , that some cases without a definite picture of 
uremia showed a aefinite increase of urea, as for instance 0 25 per cent to 0 29 
per cent in cases of arteriosclerosis or Bright’s disease in which at necropsy 
there were found multiple cerebral softenings, cerebral hemoirlnges or meningitis, 
that one could determine the association of retained urea and uremia even 
though other pathological states existed , that with a spinal fluid urea attaimng 
or exceeding 0 4 per cent one could definitely say that a pure, or more rarely, an 
associated uremia existed and foretell a nearing fatal outcome With less than 
0 1 per cent of urea the diagnosis of uremia should be rejected If the urea 
content of the spinal fluid lay between (T 1 per cent and 0 3 per cent the con- 
dition was frequently but not always to be interpreted as a pure uremia while 
one could not reject all other diagnoses Should there be uremia the piognosis 
vas often favorable 

Since onr senes of ninety-seven cases is practically limited to spinal 
fluids, we have so far said nothing as to the urea content of blood Wliile 
the urea content of spinal fluid was being studied and repoited that of 
the blood and body fluids was being concuriently investigated In almost 
all cases the urea content of all these fluids was found to agree Theie 
were occasional disci epancies, but these were largely to be explained by 
variations in the time of obtaining the fluid and in the methods of 
examination All observers tend to the conclusion that the quantity of 
urea is practically the same in all body fluids under similar eiicumstances 
In 1906, Javal and Adler^^ reported four cases with deteiminations of 

10 Fioment Diagnostic et prognostic de I’urCmie nencuse par le dosage de 
Turee dans le liquide cCphalorachidien, Lyon m6d , 1910, i, cxiv, 2C9 

11 Ja\al and Adler La diffusion de Turfie dans les transudats de I’organisme 
Application au diagnostic et au prognostic de TurCmie, Sfiances et MCm de la Soc 
de biol , 1906, Ivi, 235 
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the iiiea content of more than one body flmd, all tending to establish an 
accoid In 1910, Javal and Boyet"- repoited the examination of the 
body fluids in ten cases with practically an agieement throughout 
Seveial authois reported isolated eases in which the iiiea content of blood 
and spinal fluid was about the same It remained for J avaB® to establish 
this fact This he did as the following study will show In all cases the 
different fluids weie obtained at the same time and the urea content 
consideied as that part of the total nitrogen decomposable by sodium 
hypobromite 

The estimation of urea was made on blood and spinal fluid in eighteen 
cases, on blood and edema fluid in four cases, on pleural fluid and edema 
fluid in two cases, on ascitic fluid and edema fluid in one case, on blood 
and pleural fluid in five cases, on pleural fluid and spinal fluid in three 
cases In all of these the urea content was practically identical, the 
vaiiation being negligible, usually about 0 005 per cent , occasionally 
0 01 per cent Java! himself regarded the uniformity as established 

Accepting this fact, Castaigne and WeilP state that inferences may be 
drawn fiom examination of the spinal fluid which will be identical with 
those diawn from examination of the urea content of blood They also 
repoit four cases m which uiemia teiminated fatally and in which the 
spinal fluid urea varied from 0 115 pei cent to 0 767 per cent , and 
twelve cases in which uremia terminated in recovery, temporary at least, 
in which the spinal fluid urea was 0 1 per cent to 0 3 per cent Tinally, 
they state that the urea content never reaches 0 1 per cent in normal 
states while in established uremia it may vary from 0 1 per cent to 0 5 
pel cent , or even higher 

Fiom the work of WidaP^ and further work of JavaP® on the paral- 
lelism in the urea content of different body fluids, the variations in the 
urea of the spinal fluid assume an importance equal to that of the blood 
uioa Widal states that, with a blood urea content of more than 0 05 pei 
cent , theie is some retention, and that one can follow at times the grad- 
ual inciease from 0 06 per cent to 0 07 per cent, and so on upward He 
regards a quantify of iiiea below 0 3 per cent as ]ustifying a prognosis 
foi life of more than one yeai , a quantity between 0 3 per cent and 0 3 

12 Ja'ial and 1303'^et La Retention de I’uree et sa diffusion dans les hquides 
de I’oiganisnie, Stances et Mfim de la Soc de Biol , 1910, Ixviii, 527 

13 Javal Conti ibution Numfirique i l’6tude de la composition clinique de 
sdiositds physiologiques et pathologiques de I’orgamsme chez Tliomme, Jour de 
phj^s et de path gCn , 1911, p 508 

14 Widal Le prognostic dans le mal le Biiglit par le dosage de I’urCe du 
sang Les i emissions tempoiaires et trompeuses de I’azothmie, Bull et Mem 
de la Soc de HOp de Pans, 1911, \xxii, 627 

15 Jaial Le grande azotgmie, ses formes, son evolution son piognostique 
etndies par le dosage mCtliodique de Puige dans le sang et dans les serositgs de 
loignumie Bull et mm de la Soc de HOp de Pans, 1911, wmi 485 
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pel cent as indicating a snivnal of only weeks or months, and a quantity 
above 0 3 pel cent as indicating a not fai distant fatal outcome He cites 
eighteen cases in which the blood content of urea was 0 2 per cent to 
0 3 pel cent of uiea The longest suivival was seven months, while 
thirteen patients died within two months Of thirteen cases with a 
quantity above 0 3 per cent , all died within one month 

Ja'val, too, agrees with Widal tliat with a blood uiea content above 
0 2 per cent the fatal outcome is a question of weeks or months Of Ins 
twenty-one cases, the one that survived longest lived but twenty-one 
montfis In agieement with Widal he cites eases with marked remis- 
sions, but always with an eventual fatal outcome 

In the year 1912, several authors reported the urea content of the 
spmal fluid in infants and children Hobeeourt and Darre^® reported 
twelve cases in all of which theie was evidence of nephritis Of five 
cases m which theie was either simple albuminous nephritis or the type 
associated with retained chlorids, the uiea of the spinal fluid was well 
within noimal limits In foui cases conforming to the type of combined 
urea and chlond retention, the minimum urea content of the spinal fluid 
was 0 044 per cent, and the maximum 0 083 per cent In a thud class, 
comprising three cases, the lowest figure on admission to the hospital 
uas 0 123 pel cent , and the highest 0 204 pei cent These three patients 
left the hospital greatly improved with the spinal fluid urea within the 
normal limits The subsequent course of the disease in these patients 
was not known 

Hobecouit, Bidot and Maillet^’^ report twelve examinations of the 
spinal fluid in infants They concluded from these that a urea content 
above 0 1 per cent is, as a rule, soon followed by death Six infants in 
their senes had over 0 1 per cent and less than 0 2 per cent of urea in 
the spinal fluid The longest duiation of life among the six mfants was 
twenty-nine days The urea content of the spinal fluid in three of the 
series was above 0 2 per cent , and the longest duration of life among 
these patients was thiee days 

Hobecourt, Sevestie and Bidot^® reported fourteen new examinations 
of the spmal fluid in infants under one year of age Five of these showed 
urea content of 0 04 per cent to 0 06 per cent , all without apparent 
kidnej lesions, unth the exception of one (0 0S7 per cent uiea), which 
showed at necropsy lesions of the kidney epithelium and a little thicken- 

16 Nobficourt and Darr6 L’ur6e du Iiquide cgphalorachidien dans les 
nephrites de I’enfance Bull et mCm Soc de hOp de Pans, January, 1912, p 16 

17 NobCcourt Bidot and Maillet Valeur prognostique de I’elevation du taux 
de I’urfie dans le liquide cCplialoracludienne des nournssons, Bull et MCm de 

la Soc de Hop de Pans, July, 1912, p 47 , , , , 

IS NobCcourt Se\estre and Bidot L’urde dans le liquide cCplialorachulien 
cles nournssons. Arch de mCd des Enf November, 1912, p 826 
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TABLE 1 — Pathological Co^DITro^^s, Nephritis Clinically Excluded 




Uiea Pet 


Affecting Diagnosis 

Puither Examination of 

Case 

Age 

Spinal 

Diagnosis Clinical 

Spinal Fluid 

No 

Years 

Fluid 




1 

33 

0 02 

Ceiebral tumor Death 


Diffeiential Polymorphs, 



15%, lymphocytes, 85% 

2 

11/12 

0 05 

Tubeiculous meningitis 


Fluid bloody One exami- 
nation No tubercle 






bacilli found 

3 

3 

0 027 

Acute anterior polio- 

Paialysis of face, weak- 

Cells per cmm, 5 



myelitis 

ness of legs Improve- 

j Butyric acid test neg 




, ment 

Polys , 2% , lymplios 

' 98% 


4 

37 

0 053 

Acute general tubercu- 
losis 

Tuberculous meningitis 


! 25 c c bloody fluid 

5 

3 

0 044 


12 cc clear fluid Poly- 





morphs, 3%, lymplios, 
71%, endotli , 26%, 

I 





1 

NaCl, 0 642% 

G 

3 

0 083 

Tuberculous meningitis 

1 


Lymphocytes, 100% 10 





c c clear fluid Tubercle 
bacilli present 


7 

3 

0 029 

Tuberculous meningitis 


Tubercle bacilli present 

S 

11 

0 04 

Pneumococcus menin- 
gitis 

Tuberculous meningitis 


Pneumococci present 

9 

18 

0 033 


Tubercle bacilli present 

10 

29 

0 08 

Syphilitic meningitis 

Wassermann positive in 

Differ ential Lymphos , 




both blood and spinal 

94% Butyric acid test 





fluid 

positive 

11 

S/12 

0 043 

Lobai pneumonia with 


Butyl ic acid test negative 




convulsions 


NaCl, 0 747% Cultures 
sterile 

12 i 

7/12 1 

' 0 058 1 

Pneumococcus m e n i n 

Necropsy No kidnej 

P n e u m 0 coccus present 




gitis 

involvement 

NaCl, 66% 

13 

13 

0 053 

Tubeiculous meningitis 


14 1 

22 j 

0 053 

Suppurative meningitis 






Mastoiditis 



15 

5V2' 

0 04 

Streptococcus m e n i n 


Streptococcus present 




giLs Mastoiditis 


IG 

21/. 

0 033 

Tuberculous meningitis 


Tubercle bacilli present 

17 

11/12 1 

0 022 

Bronchop neumonia 





Furunculosis 


i 

1 

18 

31 

0 0G7 

Meningococcus S e p 1 1 


1 




cemia, infective endo 
carditis Necropsy 



19 

41 

0 033 

Tuberculous meningitis 


Tubercle bacilli present 

20 

22 

0 049 

Otitis media, acute 


21 

G 

0 036 

Suppurative meningitis 



22 

G/12 

0 035 

Tuberculous meningitis 


Tubercle bacilli present 

23 

5 

0 022 

Catarrhal gastritis 

Convulsions, cause not 





determined 


24 

4 

0 029 

Acute geneial tubercu 

1 

No cells 

25 

35 

0 071 

0026 

Disseminated myelitis 

Tuberculous meningitis 

Slight albuminu na 
Bloood-pressure 110 


20 

5 


27 

22 

0 049 

Suppurative otitis 

Albumin, faint trace, no 





media 

casts 
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TABLE 1 — ^Pathological Conditions, Nephritis Clinically Excluded — (Continued) 


se 

3 


5 

» 
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Age 

Years 

1 

Urea Pet 
Spinal 
Fluid 

1 

Diagnosis Clinical 

Affecting Diagnosis 

15 

0 053 

Bi onchopneumonia 

Albumin, faint trace, no 
casts 

21/2 

0 053 

Tuberculous meningitis 

Drowsiness to coma 

19 

0 053 

Tuberculous meningitis 

Albumin, faint trace, no 
casts 

6 

0 019 

Tuberculous meningitis 

Stupor 

15 

0 024 

Tuberculous meningitis 

No a 1 b u m 1 nuria No 
casts 

34 

0 053 

Erysipelas 

Hysteria 

53 

0 025 

Chronic alcoholism 
Cerebral edema 

Delirium tremens No 
albuminuiia No casts 

46 

0 053 

Ceiebral glioma 

Necropsy Kidneys noi - 
mal 

38 

0 026 

Tertiary syphilis 
Gumma of lenticular 
nucleus 

Necropsy Kidneys nor- 
mal 


0 053 

Tuberculous meningitis 

S u p p u r a tive otitis 
media 

Faint trace albumin No 
casts 

Z% 

0 035 

Tuberculous meningitis 

Albumin, faint trace, 
gianular easts 

11 

0 014 

0 038 

Cerebial tumor 

Operation Trace albu 
min No casts 

31 

0 053 

Lobar pneumonia Aleo 
holic delirium Tubei 
culous meningitis 

Trace albumin 

7 

0 01 

Tuberculous meningitis 


36 

0 053 

Bulbar palsy Tertiary 
syphilis 

Suppurati\e meningitis 
Suppuiative otitis 
media 

No kidney sjmptoms 

48 

0 059 

No renal symptoms 

16 

0 OlO 

Acute tonsillitis Chi 

T 1 a c e albumin, few 



\alvular cardiac dis 
ease 

hyaline casts 

1 

0 038 

Chronic basilar menin- 

Necropsy No i enal 


0 04 

0 045 

0 07 

gitis 

lesion 

38 

0 135 

Acute general tubercu 
losis Tubei cular men 
ingitis 

Necropsy showed only a 
few miliary tubei cles 
of kidney Some con 
gestion of glomeruli 
and slight degener 
ation of tubular epi 
thelium 

8 

0 179 

Tuberculous meningitis 

Duration two n eeks 
Delirium Coma 
Fundi show some con 
gestion of discs No 
albuminuria No casts 

53 

0 03 

Locomotor ataxia 


26 

0 018 

Chronic pulmon irj 
tuberculosis 



Further Examination ol 
Spinal Fluid 


Normal 


Tubercle bacilli present 

Lymphocytes, 99% N 
tubercle bacilli found 
Lymphocytes, 91% 

Lymphocytes, 91% 


Tubercle bacilli present 
Lymphocytes, 67% 

Tubeicle bacilli present 
Tubercle bacilli piesent 
Pneumococci present 


Tubercle bacilli present 


Tubeicle bacilli present 
Lj mpliocytes, 76% 


Wasscrmann positne 
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TABLE 1 — PATnoLOGiCAL Conditions, Nepiieitis Cunicaldy Excluded (Continued) 




Urea Pet 

— — 

Affecting Diagnosis 

Furthei Examination of 

Case 

Age 

Spinal 

Diagnosis Clinical 

Spinal Eluid 

No 

Years 

Fluid 



1 

50 

40 

OU5 

Paiesis 

Very slight albuminuiia 

1 Wassermann positive 

Casts in one of three 
examinations Blood- 
, pressure 140 Eye- 

1 

i 











i 


giounds normal No 
nephritic history, no 




1 


j signs 

1 

51 

' 2% 

' 0 053 

Enterocolitis 

Urine noi mal j 


52 

12 

0 035 

Chronic pulmonary 




tuberculosis 



53 

8/12 

i 0 041 1 

Acute general tuber- 

Urine norma! 




culosis 



54^ 

3y. 

0 020 

j Acute geneial nuhaiy' 

1 

Tubercle bacilli present 



( tuberculosis 



55 

18 

Q 029 

Fiacture base of skull 
S u p p urative menin- 
gitis 

Pentlielioma of spinal 



56 

21 

0 107 

No a h n 0 r m a lities of 




cord 

urine No evidence of 






n e p h r itis Diagnosis 
by operation 



mg of tlie connective tissue One case showed 0 17 per cent and 0 S3 
pel cent of urea m the spinal fluid on successive examinations At 
neciopsy there was some thickening of the connective tissue of the capsule 
and its capillaries The liver, on the other hand, showed marked fatty 
inflltration and some degeneration There was one case which exhibited 
signs of meningitis that were followed by gastro-mtestinal disturbances 
The last ease showed, in two examinations, 0 189 per cent and 0 377 per 
cent of uiea in the spinal fluid Death oecuried three days after the 
second lumbar puncture No necropsy was made 

With all these facts in mind oui own series of ninety-seven examina- 
tions has been to us most inteiesting 

Our method of estimating urea has been as follows To 130 c c of a 
mixtuie of 40 pails of ethei and 80 of alcohol, all the spinal fluid avail- 
able was added and allowed to stand twenty-four hours m a glass- 
stoppered bottle The mixture was then filtered through smooth filter- 
papers, the lattei being moistened with absolute alcohol The bottle was 
then caiefully washed and the precipitate cleansed at least four times 
with hot absolute alcohol The filtrate was evaporated to a syrupy con- 
sistency The residue was then taken up once more with absolute alcohol, 
filteied and reevaported to a veiy little syrupy liquid This was taken 
up in distilled water and put into a small vial m the hypobromite 
appal afus One c c of pitrogen gas then equalled 0 003694 gm of urea 
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TABLE 2 — Urcsiia Eesulting in Death 




Urea Pet 



Fuithei Examination of 
Spinal Fluid 

Case 

No 

Age 

Yeais 

Spinal 

Fluid 

Diagnosis Clinical 

Affecting Diagnosis 

1 

47 

0 120 

Nephritis, chronic 

Albuminuric retinitis 

15 c c clear fluid No 




Acute uremia Death 

Blood pressure 240 
300 mm of mercuiy 
No neciopsy 

cells 

2 

45 

0 062 

Chi interstitial neph 

A 1 b u minuric i etinitis 

No cells Butyric acid 



Blood 0 07 

Acute ui emia Gen 

album iniiria, casts, 

test negative 




eral aiteriosclerosis 

coma No necropsy 


3 

32 

0 436 

Chr interstitial neph 

A 1 b u minui ic retinitis 

NaCl 0 802 



Blood 0 365 

Acute uremia Death 

C 0 n V ulsions Blood 
p r e s s u 1 e 198 mm 
Albuminuria, casts 


4 

35 

0 402 

Chi interstitial neph 

Albuminuiic retinitis 




Blood 0 363 

Acute uremia 

Blood - presure 18 0 
230 Nausea, vomiting 
Albuminuria, easts 


5 

43 

0 571 

Chi interstitial neph 

Albuminuric retinitis 

No cells 



Blood 0 624 

Acute uremia 

Blood-pressure 204 to 
220 of mercury Ne 






cropsy 


6 

25 

0 107 

Chr interstitial neph 

Albuminuria and casts 





Acute uremia Gen 

Blood - pressure 17 0 





eral arteriosclerosis 

240 of mercury 



05 

0 14 

Chr interstitial neph 

Albuminuria and casts 





Acute uremia 

Blood pressure 199 mm 



35 

0 161 

Chi neph Cardiac 

Albumin uria Casts 





decompensation 

Died cardiac death 
Blood-presure 148 160 


9 

50 

0 619 

Chr interstitial neph 

Albuminuria very slight 




j 

General arteriosclero 
SIS Albuminuric reti- 
nitis Uremia 

Occasional casts 

1 

Polymorphs , 99% 

10 

40 

0 311 

Chr interstitial neph 

Blood-pressure 180 mm 



Blood 0 343 

Acute uremia Car- 
diac decompensation 

of mercury 


11 

35 

0 402 

Chi neph Uremia 

Albumin uria, casts 




Blood 0 303 

Nausea, vomiting 
albuminuric retinitis 


1 

12 

' 42 

0 26 

Chr interstitial neph 

General edema Stupor 





Uremia Caid lac 
decompensation 

Necropsy 

Polymorphs , 92% 

13 

26 

0 673 

Chronic diffuse neph 

Prolonged kidney his 


1 

Blood 0 28 

1 

Uremia 

tory Semi - coma 
Anuria 


14 

32 

0 026 

Chronic diffuse neph 

Kidney history of tivo 




Uremia 

years Edema, dys 

pnea, oliguria, head- 
ache, coma Marked 








albuminuria 


15 

63 

0 35 

Chronic diffuse neph 

Headache, vomiting 



Blood 0 32 

oliguria, albuminuria 
Coma, 
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TABLE 2 — Uremia ErsuLTiNG in Death — (Continued) 


Case 

No 

Age 

Years 

Urea Pet 
Spinal 
Fluid 

1 Diagnosis Clinical 

1 

Affecting Diagnosis 

Further Examination of 
Spinal Fluid 

10 

31 

1 

1 

i 

0 087 

Chronic parenchymatous 
nephritis 

Stupor Albuminuric 
retinitis Marked 
album inuria Many 
casts Blood - pi essure 
195-225 mm 

Polymorphs, 83% 

NaCl 0 77% 

17 

27 

0 525 

Blood 0 538 

Chr interstitial neph 
Acute uiemia Cai- 
diac hypertrophy 

1 

Blood-pressure 158-192 
Marked albuminuria 
Casts, convulsions, 
coma 


18 

42 

0 177 

Chr interstitial neph 
Cardiac hypertrophy 
Uremia 

Headache Systolic blood- 
pressure 185-235 mm 
Albuminui ic retinitis 
Stupor 

Marked albuminuria 
Many casts Systolic 
blood pressui e 138-195 
mm 

1 

19 

32 

1 

1 

^ 0 298 

Blood 0 308 

Chr interstitial neph 
Empyema Frontal 
sinus 


20 

33 

0 33 

Blood 0 49 

Chr interstitial neph 

Albuminuric retinitis 


21 

25 

0 453 

Blood 0 471 

1 

Chi inteistitial neph 

C 0 n V u 1 sions Retinal 
hemorrhages Blood- 
pressure 178-190 mm 



All the determinations were made by one of ns (S G ), using always 
the above method The disagieements m the amounts of blood and spinal 
fluid urea that are occasionally repoited, are probably due to the fact that 
the deteiminations were not made at the same time ' 

The cases, as may be seen from the tables, are arranged in four 
gioups (1) cases in which nephritis could be clinically excluded (2) 
cases in which death was caused by uremia, (3) eases m which clinical 
nephritis did not terminate fatally, and (4) pathological conditions with 
a diagnosis othei than uiemia, from which, however, nephritis could not 


Of cases belonging to Group 1, m which nephritis could be excluded, 
theie weie fifty-six Thirty-three of these cases showed less than 0 05 per 
cent uiea in the spinal fluid, fifteen cases 0 05 to 0 06 per cent four 
cases showed 0 067 per cent, 0 071 per cent, 0 08 per cent and ^0 083 
pel cent, respectively, with no satisfactory explanation, and four eases 
show, respectively 0 135, 0 179, 0 115 and 0 107 per cent In none of 
tlie last four was there sufficient ground to explain the high urea content 

n tie second group, winch comprises twenty-one eases in which 
uremia was piesent, the constant high percentage of urea in the smna 
fl..d was ,ery staking In thirteen eases it w.t above 0 3 per eeTin 
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five cases between 0 1 per cent and 0 2 per cent , and in three cases 
nndei 0 1 per cent Two of the last thiee were, liowevei, above normal 
In Group 3 there weie eight non-fatal cases of nephritis The two 
patients in this group (Nos 1 and 2), who showed maiked increase in 
the spinal fluid urea, left the hospital with little if any improvement 
The history of these two cases in which there was high uiea content was 

TABLE 3 — ^Nepheitis Not Terminating in Death 


Case Age 
No Years 


Uiea Pet 
Spinal 
Fluid 


Diagnosis Clinical 


Affecting 


Diagnosis 


Further Examination of 
Spinal Fluid 


1 

2 


49 

37 


55 


24 


51 


35 


39 


46 


0 22 

0 193 


0 035 


0 025 


0 051 


0 025 


0 06 
0 05 


0 08 


Chronic uremia Chr 
interstitial nephritis 
GenT arteriosclerosis 
Chr interstitial neph 
Albuminuric i etinitis 
Optic neuritis 


Chr inteistitial neph 
Acute uremia 


Chr inteistitial neph 


Chr interstitial neph 
Cai diac hyperti opliy 


Acute nephritis Acute 
pliai yngitis Acute 
bronchitis Uremia 


Chr interstitial neph 


General diffuse neph 
Arterios cle rosis 
Staphylococcus aureus 
Pyemia 


Albuminu ria, casts 
Head ache, vomiting 
Unimproved 
Headache, vomiting, un 
consciousness, weak 
ness Slight albumin- 
uria Few hyaline 
casts Blood Improve 
ment slight 

Moderate edema Slight 
edema of letina Albu 
minuria marked Casts 
many Blood-pi essure 
107 208 Greatly im- 
proved 

History of very maiked 
albuminuria two yeai s 
previously Headache 
for two yeais Slight 
album inuria Occa- 
sional casts Slight 
edema Gi eatl j ini 

proved Eye-giounds 
normal 

Blood pressure 180 185 
Marked albuminuria 
Slight edema No 
n e r 1 o u s symptoms 
Greatly improved 
Edema of legs and 
chest, nausea, dyspnea, 
convulsions, fundi nor- 
mal, many casts Ap 
parently cured 
Headache, vomiting, 
n e u r o retinitis Sys- 
tolic blood - pressure 
168 220 Moderate 
albuminuria, consider 
able number of casts 
Temporarily improved 
Death due to sepsis 
Necropsj' 


25 c c clear, no cells 
Butyric acid test nega- 
tive 










TABLE 4 — PATiroroGiCAL Conditio js's with Dlvgnosis other than Uremia, feoi,i Which, However, 

Nephritis Cannot Be Exceeded 


1 

Case 1 
No 

1 

Age 

Years 

Urea Pet 
Spinal 
Fluid 1 

Diagnosis Clinical 

Affecting Diagnosis 

1 

, 1 

1 6431 * 

1 Cerebial hemoirhage 
Diabetes mellitus 

1 

G 1 y c 0 suria Acidosis 
Uiine shows lieai^ 
trace of albumin No 
casts Specific gravity 
1 037 

2 

35 

0 07 

General paresis 

Slight albuminu ria 
Casts Blood, Wasser- 
mann strongly posi- 
tive 


3 I 21 


4 I 38 


5 I 30 


C 1 36 


7 I 2 


8 36 


Nephritis (?) N e u r o- 
retinitis, both eyes 
Myxedema ( ? ) 
[Nephntis(?) Uremia(’) 


Dementia 


Old hemiplegia Broken 
cardiac compensation 
Uremia { ’) 


Tuberculous meningitis 


Acute general tubercu- 
1 o s 1 s Tuberculous 
meningitis 


Atiopliy of optic neries 


T u h e r c u 1 ous menin- 
; gitis 


Clir interstitial neph ’ 
Cardiac decompensa- 
tion Senility 


Diabetes mell itns 
Ulcerative colitis 
Chrome diffuse neph 
General artei losclerosis 
Cardiac hypertrophy 


casional easts Blood- 
pressure 106 110 
Slight albuminuria 
Many hyaline casts 
No definite history 
Convulsions Hallucina- 
tions Blood-pressure 
110 130 Slight albu- 
minuria Casts in two 
of SIX examinations 
made 

Albuminuria marked 
Many hyaline and 
granular casts Ad- 
mitted moribund Irra- 
tional Temp 98 F 
Eye grounds normal 
Unconscious Vomiting 
of two weeks’ dura- 
tion No examination 
of urine Blood-pres- 
sure not taken Sur- 
vived one day in hos- 
pital 

Chronic alcoholism Eye- 
grounds show only a 
blurring of discs Slight 
albuminuria No casts 
Blood- pressure 110- 
120 Edema none Sep- 
tic temperature Irra- 
tional 

Headache, vomiting Un- 
consciousness, three 
attacks Slight albu- 
minuria No casts 
Blood - pressure not 
taken 

Duration six days 
Vomiting, convulsions, 
coma No K e r n i g 
Some stiffness of neck 
Slight dyspnea No 
Babinski reaction 
i Trace of albumin in two 
of ten examinations 
Hyaline casts in foui 
cxami nations No 
nervous symptoms 
Albuminuric retinitis 
B lood-pressme 197- 
220 Marked albumin- 
uria 


Fuither Examination of 
Spinal Fluid 


Blood-tinged fluid Poll - 
morphs , 92%, lymphos , 
8 % 


Wassermann strongly 
positive 


22 c c clear fluid Was- 
sei mann negative Bu- 
tyric acid test negative 
Polymorphs, 35%, lym- 
phocytes, 58%, large 
monos, 5%, eosinophils, 
2 % 


Polymorphs, 98% 


No tubercle bacilli found 


No tubercle bacilli found 


No tubeicle bacilli m 
three examinations of 
spinal fluid First lym- 
phocytes, 74% , second 
lymphocytes, 42% 
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not subsequently followed, but in the light of experience the patients may 
be presumed to have survived only a short time 

Of the twelve cases tabulated under Group 4, cases 1, 7, 8 and 10 
present interesting problems Unfortunately, neciopsies could not be 
obtained in any ot them, and it is therefoie impossible to exclude 
nephritis as a complication or indeed the piincipal cause of death, but 
we feel that the burden of proof lies with the clinician as regaids 
diagnosis 

CONCLUSIONS 

Our conclusions as to the interpretation which may safely be made 
fiom increased amounts of urea in the spinal fluid must remain, both 
diagnostically and prognostically, almost the same as those of the authois 
quoted 

1 A spinal fluid uiea content higher than 0 2 pei cent indicates a 
seveie uremia and a rapidly fatal termination 

2 A content between 0 1 per cent and 0 2 per cent means a rapidly 
fatal teimination m the majority of cases of nephritis 

3 A content between 0 05 per cent and 0 1 per cent does not peimit 
of any definite conclusions either as regards diagnosis or piognosis Such 
a content is, howevei, suggestive of seveie urea retention and must be 
taken into consideration in the diagnosis of the condition 

4 As to diagnosis we believe that the determination of the presence 
or absence of urea retention m the body fluids will go far to clear up 
certain difficult problems where the question of uremia enters into 
consideration 

We desire to e\press our thanks to the attending physicians and members 
of the house staff who ha\e made this material aiailable 


41 East Seventieth Stieet 



THE GONOCOCCHS COMPLEMBHT-EIXATIOH TEST AND 
ANALYSIS OF EESHLTS FROM ITS USE'’ 

B A THOMAS, MD, and EGBERT H IVY, MD 

PHILADEIPHIA 

In lecognition of the recent admiiable work by Schwartz and McNeil 
on the complement-fixation test in gonococcic infections, the fact mast 
not be oveilooked that Muller and Oppenheim, in 1906, were the fiist 
to apply this reaction to a gonoirheal affection and consequently aic 
entitled to the distinction of being termed the originators The piesent 
popular ity of this test has been the outgrowth of the suggestion made by 
Schwartz and McNeil — namely, that of the employment of a polyvalent 
antigen As a result of then iabois, these woikeis contend, and seem to 
have proved conclusivelv, tlnougli animal experimentation (1) “that 
the different stiains of the gonococcus differ markedly one from another 
— so much so that the antibodies pioduced in the body by the toxin of 
one strain will in many instances not bind the complement in the pres- 
ence of an antigen prepared from another strain Therefore, if only one 
stiam is used in the preparation of the antigen, a great many negative 
lesults would be obtained in positive cases, (3) an antigen prepared 
from many strains fixes the complement whenever one of its component 
stiains does so, and consequently the necessity of testing a seium against 
a number of antigens separately is avoided It is not to be denied tliat 
there piobably are other strains of gonococci differing widely from any 
present in the polyvalent antigen, so that at times a negative result will 
be obtained in a positive case 

While we recognize the fact that a negative reaction may mean noth- 
ing, in fact, may be erroneously contradictory, the significance, on the 
other hand, of a positive reaction has been so great — more specific, in 
fact, than when the lipotiopic antigen, commonly employed in the per- 
formance of the Wassermann reaction, is utilized — that we have applied 
the test for the past few months in a large series of diverse cases with the 
most gratifying results Without entering on any discussion of the 
theories governing fixation or deviation of complement and hemolysis, 
it is our purpose, at this time, merely to outline our own technic, desig- 

* Erom the Department of Genito-Unnary Surgery of the Philadelphia Poly- 
clinic Hospital and the William Pepper Clinical Laboratory of Medicine, Univer- 
sity of Pennsylvania 

♦Read before the Philadelphia County Medical Society, May 28, 1913 

* Submitted for publication Aug 8, 1913 - 
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nating eeitain points of supeiiority which it may possibly possess over 
that employed by Schwartz and McNeil, and to submit the analysis and 
results of cases in which serums were subjected to the gonococcus 
complement-fixation test 

DISCUSSION OF TECHNIC 

The technic utilized and advocated bv Schwartz and McNeil in the 
performance of the complement-fixation test for gonococcic infections 
embodies what may be termed the minimal quantity method That is, 
the smallest quantities of the component substances entering into the 
reaction are employed that aie compatible with practicability Other 
than as a matter of economy and questionable conservation of time, this 
method possesses no recommendation In fact, from a comparative study 
of the results in a series of eases in which Schwartz and McNeil’s method 
IS contrasted with the technic analogous to the Wassermann reaction as 
employed by us, it has appeared that the advantage has always rested 
with the latter or larger quantity method, in that the hemolytic readings 
seemed to be easiei of interpretation ^ Moreover, we have been impressed 
by the fact that the quantity of antigen employed in the former case, as 
will be seen presently, is too great — being indeed as much as, and more 
than, that utilized by us ivith five to ten times the gross quantity of 
material 

Schwartz’s latest method and the technic which we practiced for a 
time in comparison with our own gonococcus complement-fixation test is 
as follows, so far as the quantities of the ingredients participating in the 
reaction are concerned (1) patients’ serum, 0 02 c c , (2) salt solution, 
sufficient to equalize the volume in each tube, (3) antigen (routinely 
0 3 c c m one tube and 0 15 c c in another tube, of a commercial prep- 
aration diluted 1 to 10) These quantities are determined by prelimi- 
naiy standardization with a fresh known negative and a known positive 
serum, the positive showing the true antigenic dose, and the negative 
the Inghest quantity of antigen which will allow complete hemolysis, in 
the actual test this large quantity of antigen is placed in one tube and 
one-half the quantity in a second tube, (4) complement 0 1 cc of a 
dilution 1 to 10, (5) amboceptor, 0 1 cc representing twice the lowest 
quantit}'^ that will completely hemolyse 0 1 c c of tlie cell suspension v itli 
0 1 cc ot complement in one hour, (6) sheep’s red blood-cells (5 pei 
cent suspension), 0 1 c c Incubation is made for one-half hour at 37 C 

1 If it be necessary or desirable to practice economy in the performance of 
the test, we vould suggest, in preference to the very small quantities emplojea 
by Sehvartz and McNeil, vliicli aie more or less tedious to manipulate, just 
half of the component materials as employed in our technic We haic resorted 
to this modification on several occasions vitli results just as satisfactory as 
tho=e obtained by the regular method 
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in a water-liafb or for one hour in dry heat, before and after the addition 
of the hemolytic system 

The technic on which we have learned to place the greatest reliance 
IS essentially that utilized by us in the performance of the Wassermann 
reaction, merely substituting the gonococcus specific antigen for the 
syphilitic lipotropic antigen employing always the carefully standardized 
single complement unit and the routine standardization of antigen and 
amboceptor Briefly, the steps in the daily proceduie are as follows 

authoes" technic 

As previously stated, a detailed description of the fundamental sero- 
logical principles involved in the complement-fixation or deviation reac- 
tion, will be omitted from this discussion We shall submit, therefore, 
meiely a table representmg the routine proceduie in the performance 
of the gonococcus complement-fixation test (Table 1) 

We believe that the features of importance in the proper execution 
of this test are the required inactivations, the exact standardization of 
the hemolytic amboceptor and suspension of sheep’s red blood-corpuscles, 
and paiamountly. the complement and antigen each time the reaction is 
undertaken 

ANTIGENS 

The preparation of the various ingredients entering into the reaction 
will receive no consideration at this time — ^with one exception, namely, the 
antigen This, however, is of such importance with respect to the gono- 
coccus complement-fixation test that it must receive some discussion, since 
on the integrity and specificity of this antigen depends the whole value of 
tlie test in gonorrheal infections The necessity of a polyvalent antigen 
IS indisputable presumably owing to the diversity of the strains of the 
gonococcus The only question of importance is, how may this antigen 
be prepared to the best advantage^ Schwartz and MchTeil in their latest 
communication say that the '^various strains of gonococci are grown on 
':alt-fiee veal-agar, neutral rn reaction to phenolphthalein , 24:-hour old 
cultuieb are washed off the agar-slants with distilled water and the 
resulting suspension is heated for two hours in a water-bath at 56 C 
It IS then centrifuged and passed through a Berkefeld filter No salt is 
added to tins antigen until it is desired to use it, when it is made up to 
0 9 per cent strength by adding one part of 9 per cent saline solution to 
nine parts of antigen Following Schwartz and McNeil’s instructions to 
the letter, we have prepared monovalent, trivalent and hexavalent anti- 
gens= and have employed them comparatively in a large senes of eases 

2 In tlie near future we shall repoit the results of our studies of vaiious 
gonococcal antigens, lariously extracted, also the results comparatively of non- 
specific antigens prepared from certain Gram negative and Gram-positive diplo- 
cocci, as the Micrococcus calan halts, the meningococcus, the pneumococcus the 
Sit cpiococcus pyogenes, etc ’ 
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■With, ths result that the hexavalent prepaiation ga've the highest per- 
centage of positi've res'ults and in eveiy way appeared to be the most relia- 
ble of the three antigens Even with the hexavalent antigen,® prepared as 
described above, we have been forced, in comparative studies, to the con- 
clusion that it has not been so useful or reliable as when prepared in the 
following mannei Eorty-eight-hour old cultures of the same six stiains 
of gonococci, giown on blood-agar, were washed off in sterile distilled 
water, shaken for one hour, and autolyzed for twenty-four hours in a 


TABLE 1— 



No Test Tube 

Antigen 

(Dilution 

1 10) cc 

o 

O rt 

d 2 « 

iz;-^ " 

Patient’s 
Serum (In- 
activated) c c 

Known Posi 

1 1 V e Serum 
( Inactivated ) 
c c 

Known Nega- 
1 1 V e Serum 
(Inactivated) 
c c 

Complement 
(D 1 1 u t ion 

1 10) cc 


Hemolytic 
Amboceptor 
(Antisheep) 
(Titre = 

1 2,000) 

( Dilution 

1 1,000) ec 

Red Blood 
Cor puscles 
(Sheep’s 5% 
Washed Sus 
pension) cc 

rests for com- 

1 

02 ’ 

1 3 




02 


1 0 

1 0 

p 1 e m e n t 

2 

02 ’ 

1 2 




03 


1 0 

1 0 

s t andardiza- 

3 

02 ’ 

1 1 




04 


1 0 

1 0 

tion 

4 

02 ? 

1 0 




05 


1 0 

1 0 

rests for anti- 

5 

0 05 

1 5 


0 1 


0 4 ■> 

u 

s 

o 

1 0 

1 0 

gen stand- 

6 

0 1 

14 


0 1 


04 ? 


1 0 

10 

a r d 1 z ation 

7 

02 

13 


0 1 


04 ? 

o 

10 

1 0 

and contiols 

8 

03 

12 


0 1 


04 ■> 

o 

1 0 

1 0 


9 

02 

1 3 



0 1 

04 f 

u 

o 

1 0 

1 0 


10 

04 

1 1 



0 1 

04 ’ 


1 0 

10 


11 

06 

09 



0 1 

04 ’ 

o 

1 0 

1 0 




















CO 



rests and con- 

12 

02 

13 

01 



04 

4^ 

c3 

1 0 

1 0 

trols for the 

13 

02 

09 

01 



08 

d 



s u s p e c ted 

14 

02 

1 3 

01 



04 


1 0 

1 0 

serum 

15 


15 

0 1 



04 

pQ 











s 

1 0 

1 0 






1 



* 

1 0 

1 0 


thermostat at the temperature of 37 C and heated in a water-bath at 
60 C for one-half hour Before use, this antigen is diluted one to ten by 
the addition of 0 So per cent salt solution In spite of our efforts® thus 
fai, we have been unable to produce an antigen sliomng lesults quite as 
clean-cut, although they have been just as constant, as that marketed by 

3 We are indebted to Di A P Hitchens of H K Mulford Co for the si-^ 
strains of gonococci employed in this -nork It should be noted in this conncc 
tion that it is assumed that the cultures are true gonococci, since their staining 
and morphological characteristics are identical i\ith that micro organism, although 
they grow readily on blood serum or e\en on plain agar agar The dispute has 
arisen as to whether a Gramnegatne diplococcus growing in this wise, should 
01 should not be designated as the Micrococcus catarrJiahs 
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Parke, Davis & Co The probable explanation is that their antigen is 
made np from twelve strains of the gonococcus, while ours contains 
but SIX® 

ANALYSIS OF CASES TESTED 

The result of our work has been little more than a corroboration of 
the lepoits that have emanated from Schwartz and McITeiP and those 
who have confirmed their results We believe, however, that, by utilizing 
the technic herein described, we have added to the accuracy of the test 

lEST Reactions 


Results 

(Immediately or Morning 
After Refrigeration) 


Objects of the Reactions 


o 

o 


o 

»+H 


Incomplete hemolysis 
Incomplete hemolysis 
Complete hemolysis 
Complete hemolysis 

Incomplete hemolysis 
Partial hemolysis 
No hemolysis 
No hemolysis 
Complete hemolysis 
Complete hemolysis 
Incomplete hemolysis 


lo deteimiiie quantity of complement to be used in test proper 

To determine quantity of complement to be used in test propei 

To determine quantity of complement to be used in test proper 

To determine quantity of complement to be used in test proper 

4 

To determine quantity of antigen to be used in test propei 

To determine quantify of antigen to be used in test proper 

To determine quantity of antigen to be used in test proper 

To deteimine quantity of antigen to be used in test proper 

To piove that the antigemc dose is not in itself anticomplementary 
To prove that twice the antigenic dose is not in itself anticomplementary 
To prove that thiice the antigenic dose is not in itself completely anti- 
complementarv 



No hemolysis 

( Positive reaction hemolysis 
= 1 unit) 

No hemolysis 

( Positive reaction hemolj sis 
= 2 units) 

Complete hemolysis 
(Complete negative reaction) 
Complete hemolysis 


To determine quantitatively the degree of complement fixation 


To determine quantitatively the degree of complement fixation 

I 

Shows that there was no immune body piesent in the patient’s seium 
with the aid of the antigen to fix the complement 
Proves that the immune body itself will not fix complement 


as applied by them and have thereby impioved the findings to the credit 
of the test and its value in clinical diagnosis To the increased positive 
results we attribute the accurate standardization of antigen on each occa- 
sion and the employment of a standardized smgle complement unit Dor 
the sake of convenience, our results with respect to the serums tested, 
numbering in all 204, have been tabulated (Table 2) 

4 Schwaitz and IMcNeil “The Complement-Fixation Test in the Diagnosis of 
Gonococcic Infections,” Am Jour Med Sc, May, 1911, “The Complement-Fix- 
ation lest in the Differential Diagnosis of Acute and Chronic Gonococcic 
Arthritis,” ibid, September, 1912, “Further Experiences with the Complement- 
Fixation Test in the Diagnosis of Gonococcus Infections of the Genito-Uiinary 
Tract 111 the Male and Female,” ibid , December, 1912 
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THE ARCHIVES OP JHTERHAL MEDICINE 


Eeviewing oiii experience with the gonococcus complement-fixation 
test in general, it may be stated that a negative reaction is not decisiie 
against the presence of a gonoriheal infection, and this is paiticularly 
tine during the first six weeks of a primary acute niethritis either anterioi 
or posterior in the absence of any complication, previous to which time 
we have never obtained a positive reaction , on the other hand, the super- 
vention, even during the acute stage of the disease, of complications such 
as epididjonitis arthritis, prostatitis, etc , is prone to result in the produc- 
tion of a positive reaction On the contrary in our experience, a positive 
reaction has been pathognomonic of a focus of gonococcal infection and 
has assisted many times in elucidating obscure or doubtful lesion's In 
fact, it appears that the gonococcus-fixation test enjoys greater specificity 
than does the Wassermann reaction, since thus far we have found no 
alien infection or condition capable of producing a positive reaction This 
much certainly cannot be claimed for the Wassermann reaction More- 
over, there is no drug, as there is in syphilis, which is capable of causing 
the reaction to be negative during the existence of the disease The 
probable explanation for the greater specificity of the gonococcus comple- 
ment-fixation test lests in the fact that with gonococcic infections we 
employ a specific antigen — the gonococcus — ^while in the case of syphilis 
a non-specific or lipotropic antigen is employed 

The analysis of our cases fuither illustiates anothei interesting fea- 
ture, namely, the persistence in some cases for a short time of a positive 
reaction, aftei an apparent clinical cuie This has occurred so often that 
we no longei discharge a patient cured or give him a clean bill of health 
so long as he gives a positive reaction, provided he has not been the 
lecipient of immunotherapy Usually a persistent positive reaction will 
become negative in two or three weeks following clinical cure with oi 
without a continuation of treatment The only explanation is that it 
regimes an indefinite time for the antibodies, formed duiing the course 
of infection, to disappeai from the blood Torrey,® in animal experi- 
mentation, has found that the antibodies in immunized rabbits begin to 
disappeai aftei ten days, and that the elimination is practically complete 
by the fiftieth day in all cases, disappearing much eailier in many 
instances Thus a patient, evidencing a positive reaction two months 
after presumed clinical cure, shou''d be regarded as still harboring a latent 
gonoirheal focus Such experience, adopted either as routine piocedurc 
in the management of treatment, oi discovered accidentally when gonor- 
rheal infection or its symptoms were denied, oi demonstrated by submit- 
ting suspected or positive sjgilnlitic serum to the gonococcus-fixation test, 
has been encounteied in a large number of eases 

Because of the generally acknowledged difficulties, at times, of diffoi- 
entiatmg the pelvic lesions in women, notably certain of the inflammatory 

5 Torrey Jour Med Research, 1910, No 1 
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fiom tlie cystic and neoplastic conditions, and also tlie differential diag- 
nosis among gononlieal, tiiberculons and pyogenic infections themselves, 
the gonoirheal-fixation test seems destined to play a r61e As in the male, 
in whom a positive reaction seems nevei to occur, at least so long as the 
infection is confined to the anteiioi uiethra, so in the female we have 
been unable to obtain a positive leaction nnless the disease has ascended 
to the level of the nteins 

An interesting, if not imiiortant, feature connected with this work is 
the compaiative impoitance and value of the seiological and bacteriolog- 
ical examination of cases of suspected gonoiilieal infection It is, to-day, 
a fact that the ]udiciar 3 ^ couits of our land requiie that the presence of 
the gonococcus be demonstrated, cultuialh^, in older to establish its indis- 
putable and legal identity Based on this qualification, there aie many 
cases of gonococcic infection impossible to deteimine, and we do not 
hesitate to state that, in our 3 udgment, many such cultures are in leality 
the Miaococcus caiarihahs and not the gonococcus This applies par- 
ticulaily to such isolation of the diplococcus of ISTeissei from chronic 
inflammatory piocesses Moi cover, it must be generally recognized that 
the demonstration of a Gram-negative diplococcus in smear is often 
iiisufficieut and faulty evidence on which to base a diagnosis of gonococci 
Theiefore, it is most foitunate that in the chronic stage of the disease 
with complications, the complement-fixation test seems to be signally 
meritorious, while in the acute, subacute and frequently in the chionic 
forms of the diseases when the gonococcus may be demonstrated bac- 
teiiologically, the seiological test promises little or nothing 

COlSrCLUSIONS 

Detailed and careful analysis of the gonococcus complement-fixation 
test, pel formed with the seiums of the cases tabulated in our series, 
would seem to 3 ustify the following asseitions 

1 A positive reaction is imaiiably reliable and always denotes the 
piesence of a focus of gonococcic infection 

2 A negative leaction frequently fails to deteimine the presence of 
disease especially in the acute and subacute stage when the disease is 
limited to the urethia, and never when it is confined to the anteiior 
urethia oi vagina alone 

3 In no alien non-gonoiiheal infections of systemic disease has a 
positive leaction been obtained, the test, therefoie, appears to be abso- 
lutely specific 

4 A positive leaction has been found to be piesent in 21 05 per cent 
of patients clinically cured Such patients, therefore, should not be dis- 
charged fiom treatment oi observation until a negative reaction has been 
obtained 
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5 Not infrequently, either when suspicious lesions aie presented or 
accidentally, positive reactions will he discoveied in patients denjong 
gonorrhea 

6 In only 9 09 per cent of cases of acute and subacute antero- 
posterior urethritis has the complement-fixation test resulted positively 
The earliest appearance of a positive reaction m a primary attack of 
posterior urethritis, without complication, occured in the sixth week 

7 In a number of cases of chronic recurrent urethritis with acute 
exacerbations, the test was invariably positive, many of these patients 
undoubtedly had prostatitis 

8 The reaction resulted positively in one-third of all cases of chrome 
posterioi urethritis, undoubtedly many of these cases had a mild or 
low-grade prostatitis 

9 In 52 08 per cent of cases of chronic prostatitis a positive reaction 
was obtainable 

10 Two-thiids of all stricture cases demonstrated a positive test 

11 In epididymitis a positive complement-fixation test was observed 
in 87 5 per cent of cases If, fiom our senes, one case probably tubei- 
culous, may be eliminated, and a time duration of five weeks can be 
impo'?ed, the positive result in this foim of disease has been 100 per cent 

12 In arthritis, undoubtedly gonoriheal in character, positive reac- 
tions were obtained in 100 per cent of cases 

13 In the diagnosis and difPerential diagnosis of pelvic disease in 
women, the gonococcus-fixation test is destined, unquestionably, to play 
an important role We have been unable to obtain any positive results 
in uncomplicated urethritis, vulvovaginitis and Bartholinitis, and it would 
appear that the infection must ascend at least to the level of the uterus 
in Older to produce a positive blood response 

14 Inoculations of gonococcus bactenn, antigonococcic serum, etc , 
may m themselves by the production of immune bodies be causes of 
positive reactions How long these immunizing effects may endure is 
unlcnown, but we have observed patients, treated by immunotherapy, who 
one year later demonstrated negative complement-fixation reactions 

16 Although the bacteriological demonstration of the gonococcus 
culturally is the only absolute method for its identification in chronic 
inflammatory processes, the method as a routine procedure is impractical 
and susceptible of many failures and fallacious results, so that the com- 
plement-fixation test IS not only less laborious, but is productive of a 
higher percentage of positive findmgs 

16 Binally, we hope and trust that the complement-fixation tests in 
gonococcic infections, as the Wassermann reaction in s 3 q)hilis, are demon- 
strating their reliability and value to the extent that they will be recog- 
nized as mdispensable, so soon as the courts shall rule that each applicant 
for maniage licensure must produce a health certificate properly attested 



A COMPAEISON OP THE EXCEETOEY POWEE OP THE SKIH 
WITH THAT OP THE KIDHEY THEOHGH A STUDY 
OP HUMAH SWEAT * 

H W PLAGGEMEYER, ME, and E K MARSHALL, Jb, PhD 

BALTIMORE 

The fact that the skin and the kidneys can act, to a certain extent, 
Yicanonsly, seems to he generally accepted, as is manifest by the use of 
sweat-baths in the treatment of uremia The skin excietes, qualitatively, 
practically the same substances which occur m the urine, namely, urea, 
ammonia, uric acid, ammo-acids,^ creatinin,^ chlorids, phosphates, sul- 
phates and certain enzymes ^ The quantity of these substances, however, 
excieted by the skin is, normally, fai less than that eliminated through 
the kidneys 

In health the ratio of the quantities of the various urinary constit- 
uents to one another is fairly constant, independent of the actual amounts 
of the substances eliminated by the kidney Moreover, this ratio for 
uime differs from that existing between the same substances m the blood- 
stieam Hence the kidney exercises a selective concentrating action foi 
ceitam substances The question then suggests itself as to whethei or 
not any such relation exists between the normal constituents of sweat, 
and, further, if any definite relation obtains between the quantities of the 
substances eliminated through the skm and kidneys Such a similar rela- 
tionship of the uiinary and sweat factors would tend to show a similai 
selectiie power between the skm and kidneys 

Pavre and later Kast’‘ studied the lelationship between the chloiids, 
phosphates and sulphates in the urine and sweat The results show no 
outspoken relationship between the mineral constituents of the two 
fluids These investigators found the ratios shown in Table 1 between 
these substances in sweat and urine 

Aliprando liloriggia'’ has noted the similarity of substances excreted 
bofh in sveat and urine, but showed the presence of an acid sweat in 
expenmcntal alkalinuna in man, while in heibivora an experimental 

*rrom tlie Genito-Unnary Chnic of the Johns Hopkins Hospital and the 
Lahoratoiv of Physiological Chemistry of the Johns Hopkins Univeisity 

* Submitted for publication, Aug 7, 1913 

1 Emhden and Tachau Biocliem Ztsehr , 1910, xxviii, 230 

2 Capranica S Maly’s Jahresb, 1882, \ii, 190 

3 Gaube, M J Compt lend Soc de Biol , 1801, \liii (Addenda), 115 

4 Hast Ztsehr f physiol Chem , 1887, xi, 501 

5 Moirigia A Moleschott’s Untersuchungen rur Haturlehre, 1876, xi, 129 
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acid urine ivas always accompanied by alkaline sweat Tins would tend 
to show some distinct selective power of the skin and kidneys, but is not 
conclusive, as the reaction of sweat may depend on the admixture of 
seeietion from the sebaceous glands ® 


TABLE 1 — Chloeids, Phosphates and Suephates in Urine and Sweat 
According to Studies of Payee and East 



Chlorids 

Phosphates 

Sulphates 


Favre 

■■■ 

■■■ 


i 

sweat 





urine 

East 




sweat 



0 1320 1 

0 397 1 

1 

urine 


W Mironowitseh’’ found more meieury excreted in the sweat than m 
the urine after subcutaneous injection of mercury salt during treatment 
foi syphilis Argutinsky,® in an examination of two samples of sweat 
obtained by means of a vapoi bath, determined the uiea nitrogen, 
ammonia nitiogen and total nitrogen The urea nitrogen amounted to 
68 4 per cent and 75 0 pei cent of the total nitiogen, and the ammonia 
nitrogen to 3 1 per cent and 5 8 per cent of the total W Camerer, Jr 
in two cases found the urea nitrogen to be 34 6 pei cent and 34 0 per 
cent , and the ammonia nitrogen 8 0 per cent and 6 6 per cent of the 
total ^ 

J H Hoel seller® undertook a lather comprehensive study of the chem- 
ical composition of human sweat His method of obtaining sweat con- 
sisted in wrapping the subject in sterile gauze, exposing to a dry heat 
of not more than 130 F for a period of one or two hours, and then sub- 
jecting the gauze to pressure to obtain the fluid The speciflc gravity, 
leaction toward litmus, total solids, organic and inorganic, urea and total 
nitrogen are reported, but the fact that the methods adopted for the 
analyses are nowlieie mentioned considerably lessens the value of this 
work Calculations which we have made fiom his data on the relation- 
ship between the uiea nitrogen and total nitrogen of the sweat in twenty- 
four cases of noimal passive sweat show tlie urea nitrogen to vary between 
36 per cent and 100 per cent of the total The majority of the values 
show a more constant relationship between uiea and total nitrogen, but 
the extreme variation before noted is untenable Moreover, his figures 

6 Trumpy, D and Luclisinger, B Arch f d ges Physiol (Pfliiger’s), 1878, 
■vMii, 494 Arloing, S Lyon mSd, 1896, No 50 Camerer, Jr, W Ztschr f 
Biol , 1901, p 1271 

7 Mironowitscli W !Medic Koje Obostenre, No 12 (through St Petersburg 
med Wchnschr Beilage, 1895, 39) 

8 Argutinskj Arch f d ges Physiol (Pfliiger’s) , 1890, xIm, 594^ 

9 Hoelscher, J H Jour Am Med Assn, 1899, naxh, 1352, N Y Med 
Jour , 1904, Ixxix, 296 
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are Inglier m general tlian those which were obtained later by L 
Biggs^® and also by ns 

Recently Riggs has made a shoit stndy of six normal cases and three 
nephiitics"^ on the paitition of the nitrogen of the sweat The total 
nitrogen, nrea and ammonia were deteimmed, as well as certain inorganic 
constituents IVe cite here the relationship existing betiveen the ammonia 
nitiogen and mea nitrogen, as percentages of the total nitrogen, as pre- 
sented in his report 


TABLE 2 — Pekgentages op the Total Nitrogen^ 
AS Calcdlated by Riggs 


Urea Nitrogen 

Ammonia Nitrogen 

1 

1 

47 3 : 

8 1 

03 () I 

9 1 

52 0 ' 

14 0 

54 8 

55 

57 7 

70 

48 0 

72 


Ticliborne claims to have detected niic acid in sweat obtained in a 
Turkish bath, using the murexid test Hoelscher states that uric acid 

IS not a constituent of normal sweat Riggs tested 400 cc of sweat 
according to Salkowski’s method, but found no indication of uric acid 
or puiin bodies TJric acid appears to have been recognized as a constitu- 
ent of pathological sweats, however, that is, in gout and rheumatism 

In the course of this investigation, eight cases of normal passive 
sweat have been examined foi uric acid and its presence demonstrated in 
each instance 

Oui experiments have embraced a determination of the nitrogenous 
constituents only, with the addition of an estimation of thn diastatic 
activity The age and weight of the subject, the quantity of sweat 
eliminated in twenty-five minutes and the increase m body temperature 
duimg the procedure were noted in order to ascertain if any relation 
exists between these factors The total nitiogen, uiea nitrogen and 
ammonia nitiogen, with the addition of uric acid and diastase, in some 
specimens, ueie estimated The normal values and relationship between 

10 Riggs, Louis Jour Med Reseirch, 1911, xix, 285 

11 Although tventysiv analyses aie reported on nephritic sweat, these speci- 
mens of sweat were in leality obtained from three patients who were subieeted to 
1 epeated sw eat haths 

12 Tills author has calculated the combined urea and ammonia nitrogen as 
percentages of tlie total, and has laid no emphasis on the percentages of the rela- 
tii e 1 alucs here given 

13 Tichhorne, C R C Bnt Med Jour, 1887, ii, 1097 

14 HammoTsten hlandel Text-Book of Physiological Chemistry, Ed 6, p 800 



TABLE 3 — Chemical Determinations in Sweat Began Within an Hour After Obtaining the Sample 
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these substances in blood and in mine are well recognized Consequently, 
a comparison of the relationships with those of the sweat should prove 
instructive 

EXPEEIMENTAL METHODS 

Method —The sub]ects chosen were normal male adults, living on a mixed diet, 
not rich in proteins The cardiorenal and gastro intestinal traets were within 
range of normal, and none of the subjects "weie of neurotic type The experiments 
were performed at approximately the same hour, about four hours after a break- 
fast, consisting of eggs, bread and coffee, no abnormal exercise having been indulged 
in in the interim After rubbing the skin with 95 per cent alcohol, the subject was 
placed in a rubber bag 7 feet long by 4 feet in circumference, on a simple wicker 
couch, the upper end of which was raised 8 inches The bag itself was then 
caught up where necessary by large clamps to conform closely to the body of the 
subject, thus minimizing the air-space around him, and reducing the possible 
error of evaporation to a minimum Above this bag, and surrounding it entirely, 
was a lubber-lined air-chamber, 1 by 3 by 6 feet, into the side and top of which 
was projected the mouth of a pipe 6 inches in diameter, conducting hot air The 
end of the hot-air tube was protected below by a fan-shaped cuff of cardboard to 
prevent the possibility of heat being unduly concentrated No water was given 
the subject immediately before sweating Temperatures were taken by mouth at 
the beginning and end of the expeiiment From the time of appearance of per- 
ceptible sweat, to the conclusion of the procedure an arbitrary period of twenty- 
five minutes was chosen, and in most cases this was amply sufficient to secure an 
amount of fluid laige enough for all chemical investigation 
In every case the sweat was filtered through ordinary filter-paper to remove 
my cast-off epidermal dShris As used for investigation, it was a slightly 
opalescent liquid Examination of several specimens microscopically gave no 
evidence whatever of cellular content The chemical determinations were undei- 
taken within an hour after obtaining the sample 

Methods of Analysis — Specific gravity was estimated by hydrometer Each 
sample was tested as to its reaction toward litmus paper The total nitrogen 
was determined in the usual way hy the Kjeldahl-G-unning method, the urea by 
the method recently developed by one of us for blood,“ and the ammonia by the 
aeration method'® The uric acid determinations were made by the colorimetric 
method recently described by Folin for the estimation of uric acid in the blood,” 
using 100 cc to 200 cc for each determination The diastase determinations 
were made by the method of Wohlgemuth “ The principle of this method depends 
on estimating the smallest quantity of the fluid to be tested which can completely 
change 6 c c of 1 per cent starch solution (Kohlbaum’s StarJce loshch) in twenty- 
four hours at 38 C , to products not capable of giving any blue color with lodin 
In the case of sweat, owing to the small amount of diastase present, we have used 
a 0 5 per cent or 0 26 per cent starch solution, and referred the value to a 1 per 
cent solution That this procedure gives reliable results was determined by 
duplicate experiments, using larger quantities of sweat and a 1 per cent starch 
solution The diastatic activity of the urine and blood-serum was estimated by 
the same method The values for diastase are expressed in terms of the number 
of cubic centimeters of a 1 per cent staich solution which 1 c c of the fluid in 
question can change in twenty-four hours at 38 C to products not capable of pro- 
ducing any blue color with lodin This is designated as ^ 

15 ilarshall, Jr , E K Jour of Biol Chem, 1913, xv, 487 

16 Folm Ztschr f Physiol Chem, 1902-03, xxxvu, 2261 

17 Folin Jour Biol Chem , 1913, xiii, 469 

18 Wohlgemuth Biochem Ztschr , 1908, ix, 1 
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EESULTS 

Table 3 gives a general summary of the results obtained A uni- 
formity of the time necessary to produce perceptible sweat is evident 
The figures cited would suggest that body-weight does not always effect 
a proportionate change in the amount of sweat or total nitrogen elim- 
inated Case 6 shows an amount of 93 c c and 0 1097 gm of nitrogen 
eliminated for a body-weight of 125 pounds, while Case 3 shows an 
amount of only 50 e e and 0 0385 gm of nitiogen eliminated for a body- 
weight of 165 pounds ISlo definite relationship appaiently exists between 
the amount of nitrogen eliminated and an increase in body temperatuie 
during the proeeduie Case 5 shows a very high output of nitrogen 
(0 2758 gm ) and no marked rise of temperature (99 8 T ), while Case 6 
shows a comparatively lower output of nitiogen (0 1097 gm ) and a 
temperatuie of 102 6 F Though this test was not carried out on tlie 
same subject, we feel that the observation is of value, as it is corroborated 
so manj’’ times throughout the table 

Although the absolute amount of any one constituent, normalh’’ 
eliminated, may vary between lather wide limits in different specimens 
there exists a fairly constant ratio between the amount of urea, ammonia 
and total nitiogen excreted 

From the numerous investigations by Boland, Sehultze, Camerer, 
Voges, Morner-Sjoqvist, Gumlich, Bodtkei, Folin^® and others on the 
relationship of different nitrogenous constituents to each other in normal 
unne_, it is shown that the urea nitrogen amounts to from 84 to 91 pei 
cent and the ammonia nitrogen from 2 to 5 per cent of the total nitro- 
gen The relation between the total nitrogen, urea nitiogen and ammonia 
nitiogen of sK^eaf calculated from figures in Table 3 is shoum in Table 4 
The urea niti ogen varies from 45 6 to 68 per cent of the total, with a 
mean of 53 7 per cent , while the ammonia nitiogen amounts to from 
5 2 per cent to 12 4 per cent of the total, with a mean of 8 1 pei cent 
Hence it is apparent that the relationships between the different forms 
of nitrogen in sweat and urine are entirely different In regard to the 
relationships existing between the various foims of non-protein nitiogen 
in hlood, satisfactory data are far too scanty to draw any general conclu- 
sions The uiea nitrogen in noimal blood amounts roughly to about 
50 per cent of the total non-protein nitrogen, while no apparent relation- 
ship between the amount of uric acid and urea or total non-pi otein nitro- 
gen seems to exist The figures for uiic acid show a very different rela- 
tionship in sweat from that in blood and in uiine, although the data are 

19 Hammersten-Mandel Text-Book of Physiologic Chemistry, Ed G, p 640 for 
a collection of the literature 

20 Polin Joui Biol Chem , 1913, xi\, 33 
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insufficient to tell whether or not any constant relationship exists between 

the uiic acid and the total nitrogen of sweat 

The concentration of urea in blood is normally about 0 02 oi 0 03 
pel cent The kidney has the power of concentrating this about one 
hundred limes, as the noimal concentration in the urine is about 2 per 
cent The sweat-glands can also concentiate urea, though to a much less 
degree, the concentration in sweat being about 05 to 0 3 per cent. 
Ammonia exists in extremely minute amounts normally in the blood, 
and in much greater concentiation both in sweat and m urine, so both 
skin and kidney can concentiate ammonia Uric acid exists normally 
in the blood in quantities ranging between 0 0007 and 0 0037 gm per 
100 c c in urine^- between 0 015 and 0 080 gm per 100 c c , while in 


TABLE 4 — ^Percentage of Total Nitrogen Pound in the Poems of Urea 
Nitrogen and Ammonia Nitrogen, Respectively 


Case No 

Urea nitrogen 

Ammonia nitrogen 

1 

' 68 0 

' 

2 

56 6 

72 

3 

49 7 

12 4 

4 

1 52 6 

52 

5 

46 6 

85 

G 


74 

7 

49 9 

75 

8 

51 5 

10 2 

0 

56 0 

89 

10 

55 9 

84 

11 

58 3 

59 

12 

52 2 

95 

13 

45 6 

5 8 

14 

47 3 

85 

18 

614 

1 

90 

1 


sweat we have found only from 0 00006 to 0 00018 gm per 100 c c 
Prom this it is evident that the kidney does normally concentrate uric 
acid, while in the passage of fluid through the skin its concentration is 
much reduced The concentration in sweat is only about one-twentieth 
that in the blood 

Diastase, in general, may be said to occur in the urine in greater con- 
centration than in the blood, while the figures for sweat show a diastatic 
activity much lower than that of either blood oi urme Owing to the 
wide variation of diastatic activity of the blood, it was thought interest- 
ing to confirm this point by making diastase determinations on the 
blood, urine and sweat of the same sub 3 ects The lesults show that, 

21 Folm and Denis Jour Biol Ghem , 191S, xiv, 29 

22 Pohn and Denis Jour Biol Chem , 1912, xm, 363 

23 Wolilgemuth Biocliem Ztsclir , 109, xvi, 381, 432 
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although the kidney normally concentrates the enzyme, the lattei is 
much less concentrated in the sweat than in the blood 

The mine was collected immediately before and after sweating, and 
the blood withdrawn from the arm immediately after emergence from 
the bag The values show the amoimt in cubic centimeters of 1 per cent 
starch solution, which 1 c c of the fluid can change to products not 
capable of giving blue color with lodin in twenty-four hours at 38 degrees 


TABLE 5 — ^Diastatic Deteemination {D’‘V!!4) in Ubine, Biuod and Sweat 



Urine 

Blood 

Sweat 

1 

Case No j 

Before j 

After 1 

13 

l,00ff 


167 

1 1 1 

14 1 

100 


25 

10 

17 1 


■■ 

25 

1 11 


COMPAEISON OF THE EXCRETION OF DYES THROUGH THE 
SKIN AND KIDNEY 

As far as concerns the excretion of non-toxic dye-stuffs through the 
skin, the following data show that the skin does not normally excrete the 
faintest trace of the substances used, which substances pass readily mto 
the urine Phenolsulphonephthalein was administered intiamuscularly in 
6 mg doses in four normal individuals, the injection was made imme- 
diately before entering the bath, and the drug began to appear in the 
mine before the appearance of peiceptible sweat and continued to be 
excreted after the sweating process was completed In each of these cases 
the output of phthalein was normal in the urine, but not the slightest 
trace could be detected in the sweat even after concentration Experi- 
ments with methylene-blue were conducted m two ways In one ease, 8 
grains were given in 4-grain doses, one hour apart, the last dose being 
given within thirty minutes of the time of appearance of peiceptible 
sweat Although the urine was deeply colored, both before and aftei 
collecting the sweat, no trace of methylene-blue could be found in the 
latter In two other instances in which the subject had been given 12 
grains of the drug per day for three days preeedmg the experiment, no 

24 In a senes of forty cases of universal skin lesions of all types, including 
dermatitis exfoliativa, psoriasis universalis, eczema, ickthyosis, etc , studied by 
one of us (Plaggemeyer), phenolsulpbonephtbalein was excreted by kidneys in 
normal amounts Tins drug evidently has a decided selective action for the 
kidneys and is not, in any way, affected by concomitant skin lesions Article to 
he published later 
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coloi was ottained iliroagli the skin, though the unne both beioie and 

after the procedure was h.eaYily pigmented 

Indigo carmm was admmistered hy injecting 4: c c of a 4: per cent 
solution into the glutens maximus, thirty minutes before sweating The 
urme showed a deep blue color, indicatmg a high output of the drug, 
while the sweat, which was definitely acid, did not show the slightest 
trace Eosanilin given under similar conditions in another case also 

failed to be excreted through the skin 

Phloridzin was injected in 5 mg doses and readily produced a gly~ 
cosuiia, but in the two cases exammed no trace of glucose could be 
detected in the sweat with hTylander’s test 

Hexamethylenamin was tried in two cases In one, the patient was 
given 35 grains in a moderate amount of water within two hours of 
sweating, and in the other the patient was on a daily regime of 45 grains 
Both cases showed a definite excretion through the skin, which may 
explain the pruritus occasionally present in patients on a urotropm 
r6gime 

SUMMABT 


The facts shown by this study of sweat from eighteen normal cases 
may be summarized as follows 

1 Uiic acid and diastase are apparently constant constituents of 
noimal sweat 

2 Body-weight does not necessarily effect proportionate change in 
the amount of sweat eliminated nor in the total nitrogen content 

3 No definite relationship exists between the amount of nitrogen 
elimmated and an increase in body temperature durmg the procedure 

4 The relationships between the different forms of nitrogen in sweat 
and urine are entirely different The concentration of urea in sweat is 
fiom three to ten times as high as that m the blood, but only one-tenth 
(1/10) the concentration of urea in the urine 

5 The sweat-glands have the power of concentrating ammonia, and 
the ratio of ammonia nitrogen to the total nitrogen is considerably 
higher than that in the urine 


6 Nnc acid oceuis in sweat in much smaller amounts than in 
eithei blood or urine, the concentration being about one-tiventieth (1/20) 
ill at in blood and about one five-hundredth (1/500) that in urine 

I Diastalic activity, though slightly variable m sweat, shows a mean 
^ alue, lower than that in either blood or urine 

8 The comnionei dye-stuffs used for colorimetric estimation of 
kidney function are not elimmated through the skin 


Phloridzm mjections are followed by a negative sugar reaction 
eat, although the reaction is positive in urine, from the same ease 


in 
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CONCLUSIONS 

It has been demonstrated that no apparent relationship exists between 
the chlorids, sulphates and phosphates excreted in urine and in sweat, 
and it has been repeatedly shown that the kidney concentrates uiea, 
ammonia, uric acid and diastase Oui study has demonstrated that the 
glands of the skin concentrate uiea and ammonia, but that the diastatic 
activity IS less than that in either blood or urine, and that uiie acid 
IS piesent m less concentration than in the blood The lelative con- 
centrating power of the skin and kidney foi urea and ammonia are very 
difieient, though in both cases the percentage values are higher than 
those for blood These facts, in conjunction with the fact that the 
kidneys show a decided selective action for many dyestuffs, while on 
the othei hand, mercury seems to be more readily excreted through the 
skin, lead us to conclude that, undei normal conditions, the skin and 
kidneys show a distinct selective action The bearing of this on sweat- 
baths as a therapeutic measure in cases of uremia and nephritis is 
evident The various substances which are producing toxemia in a given 
case may be among those which the kidney can concentrate, while in 
sweat they are found in less concentrated form than in the blood-stream 
In the former case, sweating would not be indicated Hence, certain 
reservations should be made on the efficacy of such procedures as a routine 
method of treatment and much further work remains to be done on the 
relation existing between skin and kidneys in pathological conditions, 
accompanied by cumulative phenomena in the blood-stream , with especial 
regard to obstruction in the uiinary tract 

We^are greatly indebted to Dr H H Young for the clinical material on which 
this study IS based 

212 Professional Building — 227 W Monroe Stieet 



STATUS LYMPHATICUS ADULTS, ITS CLIUICAL 
DIAGUOSTS AND IMPOKTAUCE ’ 


HAVEN EMERSON, ME 

KEW YORK 


At the present time om knowledge of the condition recognized as 
stains l}Tnphaticns, or as it is more commonly called by German writers 

status tliymicolymphaticiis, is not based on etiology, bnt on physical 

characteiistics 

It IS not essential to the pursuit of clinical studies that we should 
have a theoiy of the disturbed physiology, which determines the abnormal 
physical individual, nor yet await the complete understanding of the 
separate or mutual functions of the various secreting tissues, before we 
admit the relation of the clinical findings to health and disease "What 
IS important for the internist, and for the eiigenist, is the recognition of 
a type of individual whose physical peculiarities seem to bear an impor- 
tant relation to his mortality', in certain infectious diseases, and to his 
susceptibility to some of the deteriorating influences which modern 
society tolerates or suffers from This recognition of a type of person, 
who may not appear less healthy or less capable than the rest of society, 
is at present based wholly on physical examination, one may almost say, 
on inspection alone 

luspection of the human body provides us with physical signs of 
health or disease on which we rely The value of physical signs, in 
relation to health and disease, depends on the constancy of association 
of the observed facts during life with a definite series of findings after 
death 

If the physical examination reveal constantly certain variations fiom 
the usual, or the accepted noimal, and if the post-mortem examination 
reveal a constant senes of gross and microscopical abnormalities in a 
tissue or groups of tissues, then where these two sets of observations are 
noted in a high per cent of cases among those dying of certain of the 
infectious diseases, we may presume that there is some causal relation 
between the phi^sical findings and the mortality of such individuals 

From the time when Paltauf (1889-90) pointed out the pathologmal 
symptom complex of status thymicolymphaticus, pathologists have more 
and more generally verified his observations, and in some instances have 
added to the data he gave m definmg the condition found post mortem 


* Submitted for publication, Oct 1, 1913 

Co„‘grt,s!'ufdl“ AigtIS’’” Intenaboml Med, cal 
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When l!feupser (1911) gave an equally clear desenption of the climeal 
picture of status thymicolymphaticus, an impetus was given to observa- 
tions by the internists, to test their skill in establishing a reliable clmieal 
diagnosis, with the possibility of its bearing on the prognosis or treatment 
of vaiious diseases 

Having watched the cases of meningitis, typhoid fever, and septic 
infections in the general medical waids of Bellevue Hospital die appai- 
ently in a high percentage of cases when they showed the physical marks 
of status lymphaticus, and having noted at the autopsy table the con- 
stancy of pathological findings which confirmed the clinical description 
of such eases, I wished to test the leliability oi the various cnteiia given 
for the recognition of a characteristic oi classical ease of status lyni- 
phaticus 

The material on which this study was based was at my disposal 
while attending the alcoholic wards at Bellevue Hospital in Hew Yoik 
These wards receive patients suffering from the toxic effects of alcohol 
and of other narcotic drugs, cases of attempted suicide and sick piisoners 
Among the admissions are often to be found border-line cases, winch, 
on further study, prove to be psychopathic cases rather than toxic indi- 
viduals of normal mentality One thousand cases were studied, five 
hundred consecutive male admissions in July and August, 1912, and an 
equal number in January and February, 1913 

The record of each patient consisted of the following points 
Age, country of birth, cephalic index, based on the occipitofrontal 
and biparietal diameters , the color and physical qualities of the haii of 
the head, the amount of hair on chin, the upper lip, on the chest in 
front, in the axillae, and the amount and distribution of pubic hair, the 
amount of faucial, lingual and phaiyngeal lymphatic tissue, observed by 
inspection and digital palpation , the presence of palpable cervical, axillai v 
and inguinal lymph-nodes, the shape and proportions of the neck, thoiax, 
abdomen thighs and upper aims, the details of the external genitals, 
the general nutrition, the presence of congenital anomalies, the clinical 
diagnosis 

Of the 1,000 cases examined, 780 were without any stigmata oi 
physical characteristics which would maik them as abnormal 

Two hundred and twenty showed most if not all, of the physical 
attributes sufficient to identify them as cases of status lymphaticus 

Analysis of the records of these two gioups shows certain facts 
As to age it was found that 18 63 per cent of the status cases were 
under 30 years, while but 9 66 per cent of the normal cases were under 
30 years Above the age of 30 the distiibution of the status and of the 
normal cases showed such slight discrepancies as to lead to no conclusions 
The patients’ ages ranged from 19 to 81 years 
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As to nationality oi race the variations in the two classes were negli- 

f^ible Eighteen nationalities were represented 

As to cephalic index, if we use the term dolichocephalic to represen 
an index of 80 or less and hrachycephalic for an index of over 80, we 
find that the cases of statns are almost equally divided, while the normal 
cases show a preponderance of V per cent of dolichocephalics 


Status Lympliaticus, Per Cent 
Dolichocephalic, 49 14 
Bracliycephalic, 50 86 


Normal Oases, Per Cent 
53 63 
46 37 


In noting the color, texture (i e, fine or coarse), luster, curliness or 
stiaightness°of the hair of the head, no difierences of any importance 
were noted 

Tlie beard was noted as being scanty in 9 87 per cent of normal cases, 
but scanty or wholly lacking m 57 23 per cent of the status cases 

Similarly it was found that the mustache was scanty in but 7 94 per 
cent of the normal cases, but scanty or lacking in 65 90 per cent of the 


status cases 

Sternal or anterior thoracic haii was found to be scanty in 41 15 per 
cent of the normal cases, and scanty or wholly lacking in 89 54 per cent 
of the status cases 

The axillary han was scanty m 13 45 per cent of the normal cases, 
but scanty or absent m 65 45 per cent of the status cases 

The pubic hair was found to be of the feminine type (i e, arianged 
transversely and not rising toward the umbilicus, but ceasing abruptly 
above the pubic region) in 13 20 per cent of the normals, and in 95 90 
per cent of the status cases 


The faucial, lingual and pharyngeal tonsillar tissue was found 
increased m amount in the normal eases in 6 66 per cent , 26 02 per cent 
and 4 48 per cent , respectively, and in the status eases in 7 27 per cent , 
23 18 per cent and 0 90 per cent , respectively , not notable difierences 
except in the case of the pharyngeal tonsils Even though the pharyngeal 
tonsil seems to be enlarged five times as often among status eases as in 
noimal men, the percentage of incidence is too low to use for diagnostic 


purposes 

The case of the superficial lymph-nodes is somewhat similar, for 
although the cervical, axillary and inguinal nodes are found palpable in 
somewhat higher proportion of cases in the status individuals than among 
noimals, the occiurence ot such palpable glands m adults is so common 
as to allow of no diagnostic application of this point 

In normal cases the cervical, axillaiy and inguinal glands were pal- 
pable m 15 25 per cent, 33 33 per cent and 63 71 per cent respectively 

and among status cases m 25 90 per cent, 41 81 per cent and 55 90 per 
cent , respectively per 
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The neck was noted as long and slendei in 32 per cent of normals and 
in 36 81 pel cent of status cases — an nnimpoitant diffeience 

The thorax was found long and narrow in 27 94 per cent of the nor- 
mal cases and in 44 09 per cent of the status cases 

The contour of the abdomen as to its roundness oi flatness shou ed no 
difference worth noting between the two classes 

The thighs were noted as lounded in 30 52 per cent of the normal 
cases and arched in 13 97 per cent of the normal cases, while in 75 46 
per cent of the status cases they were rounded and in 50 per cent weie 
arched These terms, rounded and arched, are used to express the impres- 
sion made by the difference between the masculine and feminine types of 
thigh, the rounded as contrasted with the flat thigh being chaiacteristic 
of feminine physique, and an outwaid and foiward bowing or aiching 
being a feminine attribute as distinguished from the stiaighter masculine 
thigh 

In the case of the upper arm it was found that 25 76 per cent of nor- 
mal cases were described as having rounded arms, while among the status 
cases there were 75 90 pei cent with this feminine characteristic 

Among the normal eases the penis was noted as small in 22 56 per 
cent , while this was the case among the status eases in 51 83 per cent 
The glans penis was noted as small in normal cases in 26 03 per cent 
and in status cases in 54 54 per cent 

The shape of the glans was described as pointed oi acoin-shaped in 
normal cases in 32 05 per cent and in status cases in 61 31 per cent 
There were no undeseended testicles among the normal cases, but 
there were six cases or 2 7 per cent found with undescended testicles 
among the status cases, four with both un descended, two with one 
undeseended 

The size of the testicles was noted as small in 24 74 per cent of nor- 
mal cases, and among the status cases m 45 90 per cent 

As to general nutrition there were no differences of any moment 
Congenital anomalies were found in 0 25 per cent of the 780 normal 
cases and in 3 63 per cent of the 220 status eases 

Complicating medical affections, in addition to drug addiction, were 
found in 3 58 per cent of the so-called normal cases and in 10 40 per 
cent of the status cases , 94 4 per cent of all cases were admitted for 
alcoholic intoxication 

To summarize the data obtained from these examinations, it may be 
t^aid that 22 per cent of the particular class of men representing chiefly 
the alcohol and narcotic drug habitues, show sufficiently striking varia- 
tions from the usual masculine physical habit to be classed as cases of 
status lymphaticns, that, of the points usually noted in arriving at a 
diagnosis, those found to be constant enough to be entitled to consideia- 
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tion aie, scantiness or absence of ban on lip, chin, and in sternal and 
axillary regions, together with the feminine t 3 ^e of distribution of pnbic 
iiair with or without scantiness of pnbic hair, a tendency to narrowness 
and length in the thorax, a noticeable loundness and arching of the 
thighs and roundness of the tipper arms , small size of penis , smallness 
and pointed shape of glans penis and smallness of the testicles 

In addition, there is a physical character noted in a very large pro- 
poition of the cases, and present almost invariably when the points above 
summarized aie also present, namely, a particularly velvety, or fine and 
delicate texture of the skm^ which is seen and felt to be almost wholly free 
from the usual short hairs, to he found commonly, for instance, on the 
thigh in men Eor lack of such terms as would accurately designate this 
quality of the skin, I have not made a record of its appearance m the 
cases above reported, but I wish to call attention to this as an important 
diagnostic point 

Of the points described by others as commonly noted in cases of 
status which I find of little or no value ni arriving at a diagnosis are, 
the physical characters of the hair of the head, which is supposed to be 
commonly coarse and straight in status cases, the faucial, lingual and 
pharyngeal lymph tissue, which is supposed to be commonly increased, 
the superficial lymph-nodes which are supposed to be felt in a high 
piopoition of status cases, the slender columnar neck and the rounded 
feminine abdomen which are reported as being usual in status 

In addition, thei e is a point, described by European observers, which 
I hate so regularly failed to make on physical examination of status 
cases, and which has so little foundation in the experience of the path- 
ologists at Bellevue Hospital, that I have not made it a part of ray 
records, namely, the spleen The spleen is supposed to be large in status 
This I do not find to be the case 

I am permitted by the Director of the Pathological Laboratory to 
quote from the forthcoming hospital report the results of autopsy records 
of status since 1905 

Of the 3 600 autopsies, 388, oi 8 per cent , were cases of status 
Ijmphaticus 

Of these 388 cases, 29 66 per cent were recessive cases, as shown by 
microscopical as well as gross study of the lymphatic tissues of the body, 
and 70 33 per cent were active cases Twenty-six of the 388 cases (or 

9 02 per cent ) were not associated with other demonstrable lesions as a 
cause of death 

Two bundled and sixtj^-two (or 91 08 per cent ) weie associated with 
other lesions 

Of these 262 cases, 242 v ere associated with infectious diseases 

Epidemic, purulent, oi tuberculous meningitis 
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Typhoid fever 
Lobar pneumonia 

Acute and ebronic pulmonaij, and general miliaiy tuberculosis 
Acute and chronic cardiac infections 
Septic infections of a variety of origins 

It IS to be particularly noted that of the autopsied cases of t^'phoid 
fevei 23 07 per cent "were status Of autopsied cases of acute infective 
endocarditis 19 51 per cent were status, and of the autopsied cases of 
epidemic cerebiospmal meningitis 48 27 per cent, while of the autopsied 
cases of lobai pneumonia 2 96 per cent were status, of tuberculous men- 
ingitis 3 80 per cent were status, of acute and chrome pulmonary or 
general miliary tuberculosis 4 60 per cent were status 

In arriving at a pathological diagnosis at post moitem the essential 
points to be observed in addition to those accessible to the clinician during 
life, are the gross and micioscopic appearance of the blood-vessels, par- 
ticularly the aorta, which is small, soft and elastic , the intestinal lymph 
adenoid tissues, the Peyer’s patches and follicles, and the mesenteiie 
lymph-nodes which are uniformly found enlarged, either a hyperplasia 
of the lymph follicles of the spleen in active cases, or fibroid tissue tufts 
which have leplaced previous hyperplasia of the lymph follicles in the 
recessive cases, enlargement of the thymus gland out of piopoition to 
the age of the subject in active cases 

It IS true that percussion and possibly Eoentgen ray examination will, 
in the hands of a few, elicit the presence of an enlarged thymus in 
children, but the likelihood of this decreases with every decade of the 
patienPs age above the first By deep digital palpation in the episternal 
notch the normal aorta can usually be appreciated at each systolic 
impulse, and this is rarely the case m status cases, owing to the small size 
of the aorta, but this is of little reliability in arriving at a diagnosis 

For the present it seems to me that a diagnosis of stat hphatieus 
IS justified, when we find, in the case of a man, a decided s intiness of 
hair on chin and upper lip, scanty axillary and sternal hair, scanty or 
feminine distribution of pubic hair, the slender thorax, rounded contour 
of upper arms and thighs with an arching of the latter, hypoplastic 
external genitals, particularly if associated with eryptorchismus , and a 
delicate velvet)' skin The diagnosis is further confirmed if we find 
liypeiplasia of the lymph tissue of nose, throat and tongue and an 
increase in the palpable cervical and axillary lymph-nodes 

If we admit the justice of such a diagnosis, because of the confirma- 
tion of a sufficient number of cases verified post mortem, of what service 
will this prove in the practice of medicine ^ 

The obvious and justifiable conclusion at present is that such indi- 
Mduals are more susceptible to the dangers of infectious diseases than 
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33 e noimal people To ai oid for sucli people by all precautions, especially 
by artificial immunization, as for typhoid, diphtheria and meningitis, 
every chance of infection, is our evident duly They are poor risks m 
an epidemic, and the prognosis for them, when they are infected, is more 
serious than for noimal men As they have passed the particular dangers 
of their state during childhood, by especial care or good fortune, so, 
during maturity, they are among those who cannot be expected to 
survive, as well as normal men, extreme fatigues, shocks, loss of blood, 
abuse of narcotic drugs or surgical procedures Those physicians whose 
hospital experience is mainly with people of the upper walks of life, 
will undoubtedly find that the incidence of status lymphaticus is far 
below the figures I have presented here for alcoholic patients And in 
the general medical wards of Bellevue Hospital, which receives almost 
exclusively the pauper class, the incidence is less than a quarter of that 
found'limong alcoholics 

Among psychopathic cases, particulaily those who suffer acute aliena- 
tion in the first three decades, the incidence of status is, I believe, even 
higher than among the cases I have reported above 

It should by no means be understood from this that all cases of 
status lymphaticus are undesirables, socially, as they may be physically 
less capable in the struggle for existence than their fellows, foi it is in 
the cxpeiience of all who observe these cases that there are among them 
leadeis m scientific and artistic professions, and men of the highest 
standards of character 

For the identification of status lymphaticus among women we rely 
on the peculiar character of the skin of the body and extremities, the 
scantiness of the axillary hair pad, the scantiness of pubic and perineal 
hair, hypoplasia of the genital apparatus, and paifficularly slender thorax 
and extremities Some women of decided status conformity have a 
marked growth of hair on the face and upper lip As has been pointed 
out by Paltauf, Bartel and others, the status cases among women are in 
a high percentage of cases subject to the dangers of pregnancy and the 
puerperium With this addition^ what has been said of male status 
eases applies equally to women 

While we await the embryological, or physiological, explanation for 
tins particular physical habit (lymphatismus, hypoplastic constitution, 
constitutional mferiority, status thymicolymphaticus, or status lym- 
phaticus), theie is much which the clinician is equipped and particularly 
fitted to discover as to the relation between status lymphaticus and the 
incidence and course of vaiious pathological states 


In closing, let me gratefully acknowledge my debt to Dr Charles Noms, 
Director of the Pathological Laboratory at Bellevue Hospital, who was the first 
m the United States to recognize the clinical picture of status lymphaticus m 
dults, and place its diagnosis on a sound basis for clinician and patliologist. 


176 


TEE ARCEI7ES OF lETEBEAL MEDIGIEE 


Without his e\perience and records of the past seien j^eais I could not have 
prepared this paper 
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STUDIES ON THE GIROULATION IN MAN 

XI. THE BLOOD-FLOW IN THE HANDS AND FEET IN CERTAIN DISEASED CON- 
DITIONS OE THE VESSELS OR OE THEIR VENOUS MECHANISM 

G N STEWART, MD 

CLEVELAND 


I ARTERIOSCLEROSIS 


It need scarcely be pointed ont that several of the patients in the 
previous paper suffered from arteriosclerosis, in addition to valvular 
lesions of the heart or myocardial changes In this section a few cases 
are brought together in which arteriosclerosis was pronounced and other 
lesions if present did not dominate the clinical pictuie As a general 
result of the observations, it may be stated that in marked arterio- 
sclerosis the flow in the hands is always smaller and the vasomotor 
reflexes weaker than in normal persons Vasodilatation is easier to 
obtain by the application of warmth to the contralateral hand than 
vasoconstriction by the application of cold 

One of the purest cases of marked arteriosclerosis is that of Meyer G , 
a man aged 39, without detectable cardiac involvement The flow was 
orJy 2 88 grams for the right hand and 3 4.6 grams for the left hand per 
1^0 c c of hand per minute, with room temperature 22 C An increase 
to 3 96 giams in the right was occasioned by immersion of the left hand 
in warm water, and the flow only fell to 3 52 grams when the left hand 
was subsequently put into cold water It must not be forgotten, however, 
in connection with the small :S.ow in this case that the man was a peddler 
accustomed to expose his hands in the open air in winter Also he was a 
dispensary patient, and came from his work on a day in February ^ 


Mever G , Hebrew peddler, aged 39 lieight 5 feet 6% inches, was admitted at 

ttLct?nr:7 arteriosclerosis There wT g^at 

thickem^ of all accessible arteries The heart evammation was negative in 

/ Slaving had pain in the stomach during the ptst year 
A test-meal showed free hydrochloric acid No masses are palpabi m the 

hanH^t hjs condition to strain in pushing hea^y^Ioads on his 

land-cart Th e hand flow was measured Peh 3, 1911 He still complains of pam 


SnutrJy ^ Laboratory of Expenioontal Medrome, Western 

1 See Paper IX of this Series, The Archives Int Med, 1913, xu, 678 
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in the epigastrium On emptying capillaries on the back of the hand by pressure 
the color returns A'ery slowly Pulse, 72 Mouth temperature, 36 7 C Systolic 
pressuie in the right brachial, 110 Hands put into bath at 2 49 p m , into 
calorimeters at 2 59% = Volume of right hand in calorimeter, 525 c c , of left 
hand, 525 cc He is light handed His hands are large (Table 1 ) 

Another outside worker (John O’E ), a sheet laboier aged 60, with a 
diagnosis of arteriosclerosis and myocarditis, had a flow of 5 49 grams 
per 100 c c per minnte in the right hand and 5 44 grams in the left hand 
with room temperature 23 C The contralateral vasoconstriction to cold 

TABLE 1 — Calorimetric Measurements in Case of Meyer G 


Time 

Right 

Left 

Notes 

Time 

Right 

Notes 

2 58% 

29 74 

29 81 


3 28 

29 98 


3 01 

29 69 

29 75 


3 29 

30 00 


3 02 

29 70 

29 74 

Room temp 22 2 C 

3 30 

30 02 


3 03 

29 70 

29 74 


3 31 

30 07 

At 3 31 left hand put in 

3 04 

29 70 

29 74 




Avater at 7 2 C 

3 05 

29 70 

29 75 


3 32 

30 09 


3 06 

29 70 

29 75 


3 33 

30 11 


3 07 

29 69 

29 76 


3 34 

30 13 


3 08 

29 69 

29 75 


3 35 

30 IG 


3 09 

29 69 

29 75 


3 36 

30 18 


3 10 

29 69 

29 78 

Room temp 22 3 C 

3 37 

30 20 

Room temp 21 9 C 

3 11 

29 71 

29 SO 


3 38 

30 21 


3 12 

29 72 

29 81 


3 39 

30 22 


3 13 

29 73 

29 82 


3 40 

30 23 


3 14 

29 75 

29 85 


3 41 

30 25 


3 15 

29 77 

29 89 


3 42 

30 27 

At 3 42 left hand dried and 

3 16 

29 78 

29 90 




wrapped in warm cloth 

3 17% 

29 SO 

29 93 


3 43 

30 29 


3 19 

29 82 

29 97 


3 44 

30 31 


3 20 

29 83 

30 00' 


3 45 

30 33 


3 21 

29 86 

30 01 

Room temp 21 7 C 

3 46 

30 36 

Room temp 22 C 

3 22 

29 88 

30 03 


3 47 

30 39 


3 23 


30 08 

At 3 23 left hand put 

3 48 

30 42 





in watei at 43 C 

3 49 

30 45 

Room temp 22 2 C 

3 24 

29 90 



3 50 

30 48 

At 3 50 hand out of caloi 

3 25 

29 92 



3 51 


Temp of L is now 29 75 C 

3 26 

29 94 


Room temp 21 6 C 

4 16 

30 13 


3 27 

29 96 



4 17 


Temp of L is noiv 29 48 


was slight, the flow in the right hand diminishing from 5 49 giams to 
4 78 grams, but warmth gave a fair vasodilatation after the usual pre- 
liminary vasoconstriction The protocol has already been published ® 

Charles S , a man aged 69, with sclerosed vessels, high hlood-pressuie 
and enlarged caidiac dulness, but no murmurs, had a flow in the right 
hand of only 6 25 grams per 1 00 c c per minute and in the left a flow 
of 5 01 grams, with the high room temperature of 28 3 C The response 

2 In all the observations unless otherwise stated the quantity of water in 
each hand calorimeter was 3,015 c c 

3 Cleveland Med Jour , 1910, x, 385 
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of tlie vessels to reflex impulses from the contralateral hand was very 
pool, cold pioducmg a small diminution in the flow, waimth no response 
whatever beyond the initial flow 

Charles S , a hammer man, aged 69, "waa admitted to Lakeside Hospital, June 
26, 1911 He had gonorihea forty-five years ago, never any chancre He has 
been a heavy coffee and tea-drinker except in the last four or five years He sel- 
dom drank whisky or beer, and smokes little Siv years ago following an attack 
of pneumonia he ate a heavy meal and immediately felt short of breath, dizzy and 
faint He has had dizzy spells ever since The attacks of dyspnea are worse at 
night and come on suddenly Lately there has been swelling of the feet and 
ankles There is Cheyne-Stokes respiration with periods of complete apnea 
lasting forty seconds The anteroposterior diameter of the thorax is increased 
There is difiiculty in expelling air from the lungs The cardiac dulness extends 
from 7 cm to the right of the midsternal line in the f oui th interspace to 14 5 


TABLE 2 — CALOEmETRic Measurements in Case of Charles S 




Left 

Time 

Eight 

Notes 

2 45 


30 65 

3 00 

30 95 


2 -16 

30 61 


3 01 

30 99 

Room temp 28 3 C 

2 47 


30 68 

3 02 

31 005 


2 48 

30 67 


3 03 

31 02 


2 49 


30 73 

3 04 

31 035 

3 04 L hand put in water at 43 C 

2 60 

30 73 


3 05 

31 055 

Room temp 28 3 C 

2 51 


30 77 

3 06 

31 09 


2 52 

30 76 


3 07 

31 11 


2 53 


30 825 

3 08 

31 125 


2 54 

30 825 


3 09 

31 135 


2 55 


30 87 

3 10 

31 155 


2 56 

30 88 


3 11 

31 20 

At 3 11 hand out of caloiimeter 

2 57 

30 905 


3 12^2 


Temp of L is now 30 76 C 

2 58 

30 92 


3 29 

31 08 

Room temp 28 15 C 

2 59 

30 94 






Cooling of calorimeteis, R, 0 12 degree in eighteen minutes, L, Oil C 
degree in seventeen and one half minutes Volume of right hand in calorimeter 
437 c c , of left hand 410 c c 


cm to the left of the midsternal line in the fifth interspace The first sound at 
the apex is very tympanitic in quality with a slightly roughened element in it 
Second sound normal, no murmurs or adventitious sounds The blood-vessels are 
sclerotic Pulse regular in rate and rhythm Tlie ascent is slow, no dicrotism 
Blood-pressure systolic, 180, diastolic, 120 Some edema of the skin of the 
genitalia and of the ankles is present The skin is cool and dry He has been 
on cardiac diet and treated with atropm and nitroglycerin Hemoglobin, 95 per 
cent Diagnosis, arteriosclerosis and myocarditis He was discharged “improved,” 
July 19, 1911 

The blood fiow in the hand was examined July 13, 1911 Mouth temperature, 
36 3 C , pulse ( sitting ) , 80 Hands put into hath at 2 32 p m , into calorimeters 
at 2 44 At 2 55 p m left hand put into water at 8 5 C Cooling of calor- 
imeters, B, 012 degrees in eighteen minutes, L, 011 degree in seventeen and 
one-half minutes Volume of right hand in calorimeters, 437 c e , of left hand, 
410 cc 
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The last case to be referred to under this heading is that of Fred S , 
a man 58 years old, with pronounced arteriosclerosis of the vessels of the 
limbs, mitral insufficiency and pulmonary emphysema The initial flow 
was 5 76 grams pei 100 c c per minute for the right hand and 5 80 
grams for the left hand, with an average room temperature of 23 8 C 
Immersion of the left hand in warm water caused no change in the flow 
in the right for three minutes, an unusually sluggish reaction, hut for 

TABLE 3 — Calobimeteig IMeasubements ix Case or Feed S 


Time 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Eight 

Eoom 

Temp 

C 

Notes 

2 32 V 2 

31 09 

3107 


3 00 

31 78 



2 35 

31 06 

3105 

23 4 

3 01 

31 81 



2 36 

3107 

3105 


3 02 

31 855 

24 0 


2 37 

31 08 

31 06 

23 6 

3 03 

31895 


At 3 03 left hand put in 








water at 8 C He feels it 








very cold and withdraws 








hand intermittently 

2 38 

31 095 

31 07 


3 04 

3191 



2 39 

31 11 

31 08 


3 05 

31 92 

23 9 


2 40 

31 125 

31 10 

24 0 

3 06 

31 925 



2 42 

31 17 

31 15 


3 07 

31 95 



2 43 

31 195 

31 165 


3 08 

31 975 

24 0 


2 44 

3122 

31 185 


3 09 

31 995 



2 45 

31 25 

31 22 

23 8 

3 10 

32 02 



2 46 

31 29 

3126 


3 11 

32 04 

24 0 


2 47 

31 32 

31 29 


3 12 

32 06 


At 3 12 left hand put in 








water at 38 5 C 

2 48 

31 36 

31 34 

23 9 

3 13 

32 085 



2 49 

31 395 

3137 

> 

3 14 

32 11 



2 50 

31 425 

3140 


3 15 

32 13 

24 2 


2 51 

3145 


23 9 

3 16 

32 165 



2 52 

31 48 



3 17 

32 195 



2 53 

31 505 



3 18 

32 22 

24 2 


2 54 

31 54 


24 0 

3 19 

32 24 



2 55 

3159 



3 20 

32 27 



2 56 

31 62 



3 21 

32 295 



2 57 

31 66 


23 9 

3 22 

32 32 


At 3 22 hand out of calor 

2 58 

31 70 



3 23 



3 23 Temp of L is 31 UO C 

2 59 

31 74 


24 0 

3 45 

32 02 


3 45 Temp of L is 30 79 C 


the next ten minutes of immersion of the left hand in warm water the 
flow in the right rose to 7 69 grams per 100 c c per minute Immersion 
of the left hand in cold water caused a reduction of the flow m the right 
to 3 65 grams per 100 c c per minute for the first three minutes, the 
flow then rising to 5 54: grams per 100 c c per minute for the next six 
mmutes of immersion When the left hand was again put into the warm 
water, there was only a small increase in the flow in the right (to 6 46 
grams per 100 c c per minute for ten minutes’ immersion) 

Fred S , a laborer, aged 58, ■was admitted to the City Hospital April 27 , 1913, 
■with marked arteriosclerosis, pulmonary emphysema and mitral insufficiency 
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He complains of shortness of breath (asthma) which began in October last 
He has not been able to woik since He says the condition seems stationary, 
neither improving nor growing woise When he gets chilled an attack is brought 
on The point of maximal cardiac impulse is 5 cm outside the left nipple line 
The greatest breadth of cardiac dulness extends at the sixth rib to the anterior 
axillary line, right border, right sternal margin Eoughened first sound at 
apex followed by systolic muimur, which is lost as the base is approached Pulse 
fairly regular rhythm and rate, fair volume Liver enlarged Urine contains 
no albumin A few hyaline and finely granular casts Hot baths seemed to 
have a good effect on him 

The blood-flow in the hands was examined May 8, 1913 Hands in bath at 
2 22% p m , m calorimeters at 2 33% At 2 50 p m left hand put into water 
at 43 C (Table 3 ) 

Cooling of calorimeters, R , 0 30 degree in twenty-three minutes, L , 0 61 
degiee in fifty-five minutes Pulse (sitting) 116 Volume of right hand 497 cc, 
of left hand 484 c c Rectal temperature 37 4 C Water equivalent of calorimeters 
with contents, R, 3,492, L, 3,482 Blood-pressure left arm, systolic 126, 63 
(sound gone) Anothei observation Systolic 122, 101 (sudden diminution of 
sound), 63 (sound gone) 

II AORTIC ANEURYSM 

If we leave out of account John M , a dispensary case who came in 
with cold hands on a winter day and could not wait for sufficient time to 
warm up and whose measured flow (3 96 grams per 100 c c pei minute 
for the right hand) is tlieiefore ceitainly too low,^ a point of some con- 
sequence comes out in Table 19 in which the results are summarized, 
that IS, that for the age of the patient and the temperature of the room 
the hand flow in these cases of thoracic aneurysm are either of the normal 
order of magnitude or at least not so conspicuously deficient as in those 
cases dealt with in Paper X, in which the stress of the pathological 
change falls on the myocardium rather than on the blood-vessels 

John , an iron-molder, aged 32 years, weight 140 pounds, height 5 feet, 
3% inches, was admitted at the dispensary suffering from aortic aneurysm as 
shown by the Roentgen ray He complains of pain over the sternum Systolic 
blood-pressure, right arm 155, left arm 150 Blood-flow in the hands examined 
Feb 13, 1911 Pulse (sitting) 72 Mouth temperature 37 0 C Room temper- 
ature 22 2 C His hands were cold when he came in Right hand in bath at 
2 56 p m , in caloiimeter at 3 07 and out of calorimeters at 3 36 At 3 25 
left hand put into water at 8 5 C 

It IS not, of course, suggested that in some of the cases of aneurysm 
deterioration and disordered function of the myocardium or crippling of 
the valves may not be of graver import than the aneurysm itself But 
so far as the aneurysm, or rather the underlying condition which has 
occasioned the aneurysm has not led to deterioration of the heart, there is 
no reason in the mechanics of the circulation why the blood-flow through 

4 The fact that immersion of the left hand in cold water caused only a 
very slight diminution in the flow in the right while immersion of the left hand 
m waim water increased the flow decidedly (to 5 5 grams) indicates that the 
vasoconstriction produced by the exposure of the hand to the cold was initially 
considerable 
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the hand should suffer This is true even where the form of the pulse- 
wave may he greatly distorted hy its passage through the aneurysmal sac 
Of course, a sufficient degree of piessure of the sac on a subclavian artery 
or vein may dimmish the flow in the corresponding hand The great dif- 
ference in the flow in the two hands in Paul K may he accounted for by 
the pressure of the aneurysm on the left subclavian artery The flow in 
his hands (for the last flfteen minutes in the calorimeters) was 7 64 
grams for the right per 100 c c per minute and 6 9 grams for the left, 
with room temperature 32 6 0 (a ratio of 1 3 1) For the right hand this 
flow is not markedly subnormal for his age The diagnosis was auricu- 
lar flbrillation with mitral insufficiency (and stenosis), well compensated 
at the time of the blood-flow examination and aortic aneurysm There 


TABLE 4 — Calokimetbic Measubemeats in Case of John M 


Time 

Eight 

Time 

Eight 

Time 

Eight 


29 15 

3 

19 

29 28 

3 29 

29 47 

3 10* 

29 13 

3 

20 

29 30 

3 30t 

29 48 

3 11 

29 14 

3 

21 

29 32 

3 31 

29 50 

3 12 

29 14 

3 

22 

29 33 

3 32 

29 51 

3 13 

29 16 

3 

23 

29 J6 

3 33 

29 54 

3 14 

29 19 

3 

24 

29 38 

3 34t 

29 58 

3 15 

29 21 

3 

25 

29 40 

3 35 

29 62 

3 16 

29 23 

3 

26 

29 42 

3 36 

29 67 

3 17 

29 24 

3 

27 

29 425 

3 53 

29 49 


29 27 

3 

28 

29 44 

3 55 

29 47 


Room 22 0 C t At 3 30 left hand dried and wrapped up t Room 22 4 C 
Volume of right hand 380 c c 


IS no evidence that the aneui 3 ’^sm, unless by its mechanical pressure, 
caused any change in the flow 

Paul K, a bakei, 57 years old, uas admitted to the City Hospital Eeb 21, 
1912 There is a history of lues and of frequent acute attacks of articular 
ilieumatism A history of skin rash was obtained He had gonorrhea ten or 
twelve times His present illness began three weeks before admission He had 
an attack of ibeumatism at the time and began to be slioit of breath His eyes 
have been swollen for three days There is bulging over the heart The thorax 
IS barrel shaped, and many dry rales can be heard A loud systolic murmur 
can be heard over the apex, the heart is very ii regular Not all the heart-beats 
are felt at the wrist Blood pressure is 110 to 120 The Roentgen ray shows 
a marked prominence of the aortic aich on the left side and heart enlarged He 
was put on digitalis Tlie pulse rate, which nas 132 on the morning after admis- 
sion, fell rapidly During March and April it laried betneen 75 and 90, Ins 
clinical condition improved and he was allowed to leave his bed and walk about 
the ward 

Tlie blood-flow in the hands was examined April 24, 1912 Hands in bath 
at 1 32 p m , in calorimeters at 1 42%, and out of caloiimeteis at 2 00 
(Table 5 ) 
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Cooling of caloiimeteis in ten minutes, R, 013 degree, L, 0 12 degree Vol- 
ume of right hand 454 c c , of left hand 451 c c He works mainly with his 
left hand although he is right-handed Rectal temperature 38 C Water equiva- 
lent of calorimeteis with contents, R, 3,458, L, 3,456 After the examination 
it was noticed that the heart-rate was much increased (to 140 counted with a 
stethoscope) and that it was more irregular than before 

In Joseph C , a dispensaiy patient aged 50, with marked arterio- 
sclerosis, a high systolic pressure (160 mm ) and distinctly dilated aortic 
arch, the flow was 6 69 grams for the right hand and 6 66 grams for the 
left, with room temperature 21 5 G Considering the amount of arterio- 
sclerosis and that in arteriosclerosis, as already stated, the hand flow has 
a tendency to be diminished, there is no evidence in this case that the 
presence of the aneurysm as such has reduced the flow 

Joseph C , an non molder, aged 50, height 5 feet, 9% inches, was admitted 
to the dispensary Jan 30, 1911 He has been ill for six or seven years, during 
which time he has done no work Six years ago he lost consciousness and after 
that his left arm was paralyzed The grip of the left hand is weak, too weak, 
he says, to giasp objects, but on testing this the difference between the hands 
IS not gieat He gets very dizzy at times There is much arteriosclerosis He 

TABLE 5 — Caloeimetric lilDASUBEJtENTS liSr Case of Paui, K 





Room 




Room 

Time 

Right 

Left 

Temp 

Time 

Right 

Left 

Temp 



C 




C 

1 42 

31 13 

31 29 


1 56 

31 40 

31 465 


1 44 

31 07 

31 21 


1 57 

31 45 

31 50 


1 45 

3108 

31 21 

22 8 

1 58 

3149 

31 525 

22 6 

1 46 

31 095 

31 225 


1 59 

31 51 

31 53 


1 47 

31 11 

31 23 


2 00 

31 56 

3158 


1 48 

31 13 

31 25 


2 01 

31 605 

31 61 


1 49 

31 165 

31 29 


2 02 

31 65 

31 635 


1 50 

31 19 

3131 


2 03 

31 70 

31 67 


1 51 

3121 

31 32 


2 04 

31 75 

3171 

22 6 

1 52 

3125 

31 35 


2 05 

31 795 

31 75 


1 53 

31 29 

31 38 

22 9 

2 06 

31 83 

3176 


1 54 

31 32 

31 41 


2 16 

3170 

3164 


1 55 

31 37 

31 43 







suffers from pain in the head, also in the breast and in the left hand The 
Roentgen ray shows a definite dilatation of the arch of the aorta. Wassermann 
reaction negatne on Eeb 6, 1911 

The hand flow was examined on Jan 31, 1911 Hands in bath at 2 52 p m, 
in calorimeters at 3 05, and out of calorimeters at 3 20, 3,056 cc of water in 
each calorimeter Pulse (sitting) 88 Mouth temperature 37 2 C (Table 6) 
Cooling of calorimeters, R , 0 19 degree, and L 0 16 degree in fourteen min- 
utes Volume of right hand 505 c c , of left 480 c c Blood-pressure, systolic 
in right biachial 160, in left brachial 164 

In William B , a man aged 53, suffering fiom thoracic aneurysm, 
tile flow in tile right hand was 8 38 grams per 100 c c per mmute and in 
the left 7’ 33 grams with loom temperature 20 8 C (for fourteen mmutes 
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in calorimeters) The systolic pressure was very high (205 mm ) He 
was still taking mtroglycerm at the time of the blood-flow examination 
A second examination made at the dispensary nearly four weeks later 
showed a flow of 10 23 grams per 100 c c per minute for the right and 
9 47 grams for the left hand, with room temperature 22 2 C These flows 
aie certainly not small for a man of his age and with sclerosed arteries 
The inequality in the flow in the two hands is no greater than may be 
seen in normal persons, and it will be observed that the ratio between the 
flows in the two hands is the same at the two examinations (1 1 08) 


TABLE 6 — Calobemetbic Measubements in Case of Joseph C 


Time 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Eight 

Left 

Eoom 

Temp 

C 

3 04 

29 13 

29 12 

20 3 

3 16 

29 55 

29 51 


3 06 

29 11 

29,10 


3 17 

29 61 

29 53 

21 5 

3 07 

29 14 

29 11 


3 18 

29 67 

29 62 


3 08 

29 18 

29 12 

215 

3 19 

29 72 

29 67 


3 09 

29 20 

29 14 


3 20 

29 78 

29 71 


3 10 

29 25 

29 19 


3 32 

29 61 

29 58 


3 11 

29 29 

29 22 


3 34 

29 59 

29 55 


3 12 

29 34 

29 31 






3 13 

29 39 

29 33 

21 4 





3 14 

29 45 

29 39 






3 15 

29 51 

29 43 







TABLE 7 — CAEOBniETKic IMeasubements in Case or William B Fibst 

Examination 


Time 

Right 

Left 

Time 

Eight 

Left 

2 37 

28 38 

28 54 

2 48 

28 70 

28 82 

2 40 

28 34 

28 53 

2 51 

28 90 

29 00 

2 42 

28 39 

28 58 

2 53 

29 04 

29 11 

2 43 

28 43 

28 61 

2 55 

29 20 

29 22 

2 45 

28 56 

28 70 

2 56 

29 27 

29 28 

2 46 

28 61 

28 75 

3 12 

29 09 

29 10 


Williim B a man aged 53, height 5 feet, 2 inches, v eight 152 pounds, had 
an aneurysm of the thoracic aorta involving the innominate also to some extent 
After being under observation at the dispensary for a considerable time he ivas 
admitted to Lakeside Hospital ■where he "was under treatment for a month 
(digitalis and nitroglycerin) His hand flo'w "was e'uimined at the time of his 
discharge from the hospital He felt much better than -when he entered, on Dec 
22, 1910 He has no cough but there is a history of cyanosis, although there is 
no cyanosis novr He says liis hands aluays feel rather cool, especially ■when 
his heart is bad 
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Hands in bath at 2 26% p m, in calorimeters at 2 38%, and out of calor- 
imeters at 2 56, 3,050 c c of water in each calorimeter Hoorn temperature 
20 4 C 

Room temperature at end of observations 21 2 C Volume of right hand in 
calorimeter 410 cc, of left hand 390 ce Cooling of calonmeteis in sixteen 
minutes 0 18 C degree Pulse (sitting) 84 Mouth temperature 37 1 C Water 
equivalent of calorimeters with contents, R, 3,458, L, 3,442 (Table 7 ) 

The second examination was on Jan 17, 1911 He says he feels about the 
same as at the first examination, only the shortness of breath on exertion is 
greater Systolic blood-pressure 210 Hands put into bath at 3 09 p m , in 
calorimeters at 3 21, and out of calorimeters at 3 37, 3,050 cc of water in each 
calorimeter Room temperature 22 2 C. 


TABLE 8 — Caloeimeteic Measueesients in Case of Wiemam B Second 

Examination 


Time 

Right 

Left 

Time 

Right 

Left 

3 19 

■MM 

30 49 

3 31 

31 13 

30 86 

3 23 


3048 

3 32 

31 19 

30 91 

3 25 


30 57 

3 33 

31 23 

30 94 

3 26 

30 86 

30 62 , 

3 34 

31 29 

31 00 

3 27 

30 92 

30 67 

3 35 

31 34 

31 07 

3 28 

30 97 

30 71 

3 36 

31 39 

31 11 

3 29 

31 02 

30 77 

3 37 

3144 

31 16 

3 30 

3107 

30 81 

4 00 

31 12 

30 85 


Cooling of calorimeters in twenty -three minutes, R , 0 32 C degree, L, 0 31 C 
degree Volume of right hand in calorimeter 435 c c , of left 410 c c Mouth 
temperature 30 9 C Water equivalent of calorimeters with contents, R, 3,478, 
L, 3,458 Pulse (sitting) 88 


In Eichard B, a man aged 38, with a large aortic anenrysm extending, 
as shown by the Eoentgen-ray, to a considerable distance to the right of 
the sternnm, there was a decided deficiency in the flow of the left hand 
as compaied with the right (10 91 giams per 100 c c per minute for the 
right, 8 15 grams for the left, a ratio of 1 33 1) Eor the room tempera- 
ture of 28 C , 10 9 grams is not a large flow, but neither is it decidedly 
small The rasomotor reflexes from the right to the left hand were 
normal in direction, and not strikingly deficient in intensity, showing 
that the chief afferent path in the vasomotor reaction to warmth or cold 
(the nerves of warmth and cold sensation) have not appreciably suffered 
by stagnation of the circulation due to the pressure of the aneurysm on 
the right subclavian vein Now, when pressure is maintained on the aim 
at a level somewhat below the systolic arterial pressure by means of the 
cuff of a sphygmomanometer the warmth sensation suffers early, so that 
it IS impossible to appreciate the contact of a warm tube, while the 
sensation of pain is at this stage less affected As has been pointed out in 
Paper X, a certain amount of venous distention, provided that the arterial 
pressure is correspondingly increased, may even be associated with an 
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increased flow, because of the increased cross-section of the smaller vessels 
So far as the arterial path to the right arm in Eichard B is concerned, 
the conditions would favor a greater flow in the right hand, for as shown 
at the necropsy the aneurysm provided a much wider entrance than 
normal for the blood going to the light subclavian and possibly a reservoir 
which helped to maintain the flow during diastole 


Eichaid B , a colored gardenei, aged 38, lieight 5 feet, 7% inches, was admitted 
to Lakeside Hospital May 22, 1911, with an aneurysm diagnosed as aortic He 
complains of hoarseness duiing the past two weeks and vomiting duiing the 
past week, also cough He admits lues Tliere is a tender pulsating mass in 
the suprasternal notch with fulness m the right supraclavicular region Heart 
3 cm to left of nipple A distant systolic murmur at the supraclavicular notch 
The aortic second is slightly accentuated There is distinct diastolic shock, 
unilateral (right) distention of veins, and clubbing of fingers The Roentgen 
ray shows an enormous shadow upwaid and to the right Tlie patient con- 
tinued. in the hospital until his death, Aug 22, 1911 There was no right radial 
pulse for the last week of life Blood evamination on May 23, 1911, showed 
hemoglobin 95 per cent , leukocytes 5,000 June 1 the Wassermann test was 
strongly positive The necropsy showed a saccular, spherical aneurysm of the 
innominate artery 3 to 4 inches in diameter The arch of the aorta was not 
invoked evcept for the somewhat enlarged ring at the beginning of the innom 
mate opening into the sac 

Hand flow examined May 23, 1911 Pulse (sitting) 100 Mouth temperature 
37 1 C Hands put into hath at 2 44 p m , into calorimeters at 2 54% At 
3 08 p m right hand put into water at 8 1 C 


TABLE 9 — Calorimetric Mevsebemenis in Case of Richard B 


Time 

Right 

1 

Left 

1 

Room 

lemp 

C 

Time 

Left 

Room 

Temp 

C 

Notes 

2 54 

30 43 

30 38 


3 13 

31 225 



2 55 

30 475 

30 42 

27 7 

3 14 

3128 



2 56 

30 53 

30 43 


3 15 

31 325 

28 0 


2 57 

30 595 

30 46 


3 16 

31 36 


At 3 16 put right hand 








water at 43 C 

2 58 1 

30 695 

30 525 


3 17 

31 38 



2 59 

30 78 

30 60 


3 18 

31 415 



3 00 ' 

30 86 

30 63 


3 19 

31 46 



3 01 1 

30 935 

30 69 1 

27 9 

3 20 

31525 

28 3 


3 02 

31 02 

30 74 


3 21 

31 58 



3 03 

31 12 

30 825 


3 22 

31 625 

28 2 I 


3 04 

31 20 



3 23 

31 67 



3 05 

31 295 

30 93 


3 24 

31 725 



3 06 

31 34 

30 98 


3 25 

1 3180 

1 


3 07 

31 395 

31 02 


3 26 

3185 

28 2 

Hand out of calorimeter 

3 08 

31 46 

31 035 


3 41 

31 75 

28 0 

Temp of R is now 31 27 

3 09 


31 07 

1 28 0 





3 10 


31 10 






3 11 

1 

1 

31 125 






3 12 


31 155 







Cooling of calorimeters, R, 0 19 degree in thirty-three minutes, L, 0 10 C 
degree in fifteen minutes Volume of right hand 495 c c , of left 437 c c There 
IS an obvious difference in the size of the two hands He is right handed 
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The next case, that of Samnel S , a man 31 years old, illustrates the 
fact that even veiy marked differences in the form of the radial pulse 
on the two sides, differences perfectly evident both to the finger and on 
the sphygmogram, may be associated with a comparatively small differ- 
ence in the flow in the two hands The right radial showed a typical 
pulse of aortic insufficiency with abrupt ascent to a sharp apex and abrupt 
fall, while the left radial gave a sphymogram with a rounded apex The 
blood-pressure in the two braehials was also quite different, the systolic 
pressuie being 157 in the right and 118 in the left The physical signs 
of aortic insufficiency were present 

The blood-flow measurement showed a difference no greater than may 
be seen in normal persons between the two hands (11 11 grams per 100 
c c per minute for the right and 1 0 32 grams for the left, with room 
temperatuie 22 2 C ), a perfectly normal flow foi a man of this age 
The conclusion was diawn that the aneurysm in distorting the form of 
the pulse-wave did not interfere materially with the free passage of 
blood thiough the left subclavian artery The man died the same night 
about five houis after the examination by a rupture of the aneurysm into 
the left bronchus It is worthy of remaik that five hours before his 
death the blood-flow in his hands, which no doubt in this case was an 
index of the output of his heart, was quite normal He was to die, not 
because his heart was failing, but because the wall of the aneurysmal 
sac had been thinned to the bursting point A very different tale would 
have been told by tire hand flow in a case of impending heait-failure as 
in Stephen F, oi Albeit H (Paper X), or Anthony P 

Samuel S , a colored music teaclier, aged 31, was admitted to the City Hos- 
pital Dec 7, 1912, with thoracic aneurysm He is a well-developed man 5 feet, 
10% inches tall, weight IGO pounds He has had spells of intense dyspnea foi 
the past SIX weeks He has been continually getting worse to the present time, 
IS much cyanosed, and suffers much from cough which he has had from the age 
of 16 He has smoked cigarettes to excess, and also has used a good deal of 
alcohol He denies lues although he admits the possibility of it 

The left pupil is smaller than the right and does not react to light oi accom- 
modation There is diffuse pulsation of the lower third of the neck Tracheal 
tug is piesent The left side of the thorax moves less than the right The per- 
cussion note IS dull over the entire left side [compression of the left lung by 
the aneurism ( ? ) ] Over the left lung the breath-sounds are very faint, distant 
and bionehial in chaiactei The cardiac dulness at the level of the second nb 
extends three fingeis’ breadth to the right of the right sternal border and the 
same distance to the left of the left sternal border In the fourth interpsace it 
extends from two fingers’ breadth to the right of the right sternal border to 
the left midaxillaiy line The apex beat is visible and palpable in the sixth 
interspace, two fingers’ breadth outside the nipple line Systolic and presystolic 
till ills are palpable over the apex Loud booming systolic and diastolic murmurs 
are heard at apex Loud presystolic murmur followed by systolic murmur is 
heard over aortic and pulmonic areas The sternum rises fully a half- inch with 
each systole The radial pulse is regular, rhythmical, asymmetrical, the sphyg- 
mogram of the left radial having a rounded apex, and that of the right a sharp 
(aoitic insufficiency) apex The pulse is synchronous in the two radials and 
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of good volume and tension The difference in the form of the pulse wave is 
very evident to the finger ^ 

The hlood fiow in the hand was measured Dec 10, 1912 Hands in hath at 
1 60 p m , in calorimeters at 1 69%, and out of calorimeters at 2 13 p m 


TABLE 10 — Caloeimetbic Measdeements in Case of Sakuee S 





Eoom 




Eoom 

Time 

Eight 

Left 

Temp 

Time 

Eight 

Left 

Temp 




C 




C 

1 59 

31 40 

31 43 


2 07 

32 11 

3213 

22 25 

2 oa 

31435 

3149 

22 4 

2 08 

32 195 

32 20 


2 01 

31 55 

31 58 

22 4 

2 09 

32 27 

32 265 

22 2 

2 02 

31 64 

31 68 


2 10 

32 35 

32 36 

221 

2 03 

3174 

31 78 

22 3 

2 11 

32 395 

32 42 


2 04 

31 85 

31 88 


2 12 

32 47 

32 465 

22 3 

2 05 

31 94 

31 95 


2 13 

32 53 

32 53 


2 06 

32 01 

32 055 

22 3 

2 41 

32 17 

32 17 



Cooling of calorimeters in twenty eight minutes, 0 36 degree Volume of right 
hand 580 c c , of left hand 603 c c Water equivalent of calorimeters with con 
tents, E , 3,559 , L , 3,577 Eectal temperature 38 4 C Blood-pressure left 
arm, systolic IIS, 58 (sound suddenly diminished), right arm, systolic 157, 61 
(sound abruptly diminished) Another observation on the right arm gave 
identical results Three days previously, according to another observer, the pres- 
sures were 160 (systolic), 45 (change of sound) in the right, and 130, 55 in 
the left brachial 

A necropsy was performed by Dr A A Johnson, Pathologist at the City 
Hospital, to whom I am indebted for the following details Heart, left ventricle 
dilated moderately, average thickness 16 to 18 mm Other cavities normal The 
segments of all the valves evcept the aortio are normal and the orifices are not 
dilated The aortic ring in the formaldehyd preserved specimen measured 8 cm 
The aortic valve segments are slightly thickened and curled along their free 
edges The openings of the coronary arteries are free and of the usual size. 
The aorta immediately above the aortic ring is smooth and free from thickening 
Opening from the anterior aspect of the transverse arch is a large sacular 
aneurysm adherent to the sternum The sac is oval, 10 by 8 cm in diameter 
The walls are thin ( 2 to 4 mm ) and are quite free from fibrin The opening from 
the aorta into the sac measures 5 by 3 5 cm The innominate opens by a some- 
what dilated mouth posterior and external to the opening into the aneurysm and 
situated opposite the middle of the latter opening The left common carotid 
and subclavian arteries come off from the aorta about 1 cm bejmnd the upper 
border of the opening between the aorta and the aneurysm Eupture in the sac 
on the inferior surface has irregular edges and measures 3 by 1 mm , leading 
into the left bronchus 1 cm from the bifurcation 

It Will be seen that there was no stenosis of the orifice of the left 
subclavian, hut its origin was situated distal to the orifice of the 
aneurysmal sac, while the origin of the innominate was directly opposite 
the center of that orifice The direction of the opening of the innominate 
was such that the blood coming from the heart would pass straight into 
it all the more as the opening of the innominate was somewhat dilated 
This would account for the abrupt use in the sphygmogiaphic curve and 
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tlie high masinnim pressure in the right arm The sudden fall in the 
sphygmogram if partly due to actual regurgitation through the aortic 
oiifice, was probably due still more to the effect of rapid expansion of 
the thin aneurysmal sac, which after closure of the aortic valve would 
still go on yielding and so exert a suction action, especially on the 
orifice of the innominate placed directly opposite it On the other hand, 
the action of the large aneurysmal sac lymg proximal to the left sub- 
clavian would be to damp the pulse-wave m that artery and delay the 
ariival of the crest This would not necessarily afiect the total flow, the 
pulsatory element m which is measured not by the absolute height of 
the crest, but by the area enclosed between the sphygmogram and the 
line of diastolic pressure ® 

The last case included in the group of aneurysms (that of John McL ) 
IS the only one which shows a notably small hand flow It is placed in 
this group merely to emphasize the point that in drawing any general 
deductions from such measurements the proper classification of the eases 
IS of great impoitance 

John McL, a plasterer, aged 50, height 5 feet, llVz inches, was admitted to 
the City Hospital July 6, 1912, with general edema (in face, hands, arms, legs 
and feet), also cyanosis in the lips and fingers He complains of “kidney 
trouble” He looks anemic The heait shows an impure first sound at the apex 
The aortic second is greatly accentuated, the blood-pressure is high (systolic 
200) The abdomen is distended with free fluid Albumin and casts were present 
in the urine all along On July 11 about 7 liters of fluid was removed from the 
abdomen There was no detectable fluid in the thoracic cavity A diagnosis of 
hepatic cirrhosis was made Aug 19, 7,080 cc of fluid was removed from the 
abdomen 

On Aug 37, 1913, die hand and foot flows were estimated and found 
exceedingly small (0 41 gram per 100 c c per mmute for the right hand 
and 0 57 gram for the left hand, with room temperature 33 3 0 , 0 17 
gram per 100 c c per minute for the right foot and 0.14 gram for the 
left foot, with room temperature 31 3 0 ) 

Aug 38, 1913, 1,965 c c of liquid was taken from the abdominal 
cavitj'' at 1 30 p m and the hand and foot flows were agam measured 
They weie laiger than on the previous daj, but still quite small (1 11 
giams per 100 c c per minute for a period of seventeen minutes for the 
right hand and 1 18 grams for the left hand, with room temperature 
31 1 C , 0 66 gram per 100 c c pei minute for the right foot for the 
last ten minutes of a period beginning twenty minutes after msertion of 
the feet into the calorimeters, and 0 65 gram for the left foot) The 
ratio between the flows in the feet and hands (1 1 75) is near enough 
the normal to permit the conclusion that the small flow in both has a 
common cause The presence of an aneurysm of the aorta was not 

5 Paper V of this senes. The Archives Iht Med , 1912, ix, 706 
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diagnosed dining life Tlie small blood-flow in the bands has certainly 
nothing to do with the existence of the aneurysm It is without doubt 
dependent on the caidiorenal, or cardiorenalhepatic affection, that is to 
sa}^, on such factors as the vasoconstriction of which the high blood- 
pressure is one expression, on the coincident anemia, and on the crip- 
pling of the heart muscle The small flow in the feet may also depend in 
part on the mechanical hindrance imposed by the fluid in the peritoneal 
cavity 01 in the connective tissue of the legs But if this were an impor- 
tant factor the ratio of hand to foot flow would be disturbed 

The patient died Dec 27, 1912 The necropsy showed general peritonitis, 
aneurysm of the descending thoracic aorta, cloudy swelling and parenchymatous 
change in the kidneys The pericardium was adherent to the left pleura, but not 
to the epicardium The heart was pale (weight 300 grams), with some dilatation 
and hypertiophy of the left ventricle The mitral orifice was dilated and the 
edges of the mitral valve were thickened and puckered The edges of the aortic 
valve were thickened and slightly curled The sinuses of Valsalva were dilated 
Many sclerotic plaques were about the coronary openings The right coronary 
vessels were not patent The left coronary vessels were free hut sclerosed The 
aoi tic ring was much dilated, 10 5 cm in circumference The whole intima of 
the aorta was very much thickened Heie and there were areas of sclerosis The 
openings of the large vessels were dilated Eight centimeters beyond this there 
uas an opening on the left posterior wall of tlie aorta 2 cm in diameter, opening 
into a sac 4 cm in diameter The body of the fifth thoracic vertebra had been 
slightly eroded Beyond this the thoracic aorta was much thickened in irregular 
areas About 1,000 c c of straw colored fluid was in the left pleural cavity The 
abdomen contained about 10 liteis of cloudy fluid with many shreds of fibim 
The visceral and the parietal peiitoneum was dark in color and covered with 
exudate The intestines were adherent The liver showed no scarring, weight 
1,660 grams In the kidneys the cortex was not sharply differentiated from the 
medulla The whole kidney was dark in appearance, with cloudy swelling to 
parenchymatous change For these details I am obliged to Dr A A Johnson 

III MISCLLLANFOUS VASCULAE CONDITIONS INCLUDING VASCULAR 

NEUROSES 

Among these are three cases of Kaynaud’s disease 

Margaret H ^ aged 15, suffering from Eajmaud’s disease in the fingeis, 
had a flow in the light hand of 6 33 grams per 100 c c of hand pei 
minute and 6 67 grams m the left, with room temperature 33 6 C The 
protocol has already been published The considerable inequality in the 
flow in the two hands is probably due to a functional vasomotor differ- 
ence "When there are no anatomical reasons for such a difference in flow 
it either disappears at subsequent examinations or is leveised as regards 
the two hands In cases in which a marked difference is obtamed in the 
two hands in several examinations, the deficiency being always in the 
same hand and the ratio of the flows in the two hands not changing 
greatly, there is reason to believe, in the absence of obvious anatomical 
differences, that the difference in flow may depend on pathological 


6 Heart, 1911, iii, 79 
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clianges m the thorax or m the arm or hand itself which have not yet 
definitely disclosed themselves by other symptoms 

The flow in Margaret H is distinctly subnormal, which coriesponds 
with the fact that her hands were cold to the touch, although she did not 
have an attack during the examination The relatively small flow may 
be related to the tendency to dyspnea which she states has existed for 
some yeais The most striking result of the examination was the intense 
reflex vasoconstriction produced in the left hand when the right was 
put into cold water, the flow being reduced from 6 67 grams to 2 97 
grams pei 100 c c per minute Although intense, the vasoconstriction 
was transient, lasting only for two minutes and then giving place to 
distinct vasodilatation, the flow increasing to 8 28 grams m the left hand, 
while the right continued in the cold water Immersion of the right hand 
in waim watei produced no further increase, but rather a decrease The 
vasomotor mechanism of the hand seems, therefore, to respond with 
abnoimal readiness to vasoconstrictor influences and with less than normal 
leadiness to vasodilator influences The short duration of the intense 
ciossed reflex vasoconstiiction i elates the case to those of early peripheral 
neuiitis/ and it is of interest, in this connection, that neuntic changes 
may be associated with the Eaynaud’s syndrome 

The second case of Eaynaud’s disease was that of Mrs W G , aged 28, who 
was seen April 24, 1911 About one and one-half years previously, after a 
sleigh ride, she noticed that the fingers of both hands became cold, "white like 
those of a dead person” and numb Sometimes the fingers became purple All 
the phalanges weie involved She feels sure they were not frost-bitten Since 
that time she has had many attacks, each lasting usually five to ten minutes, 
but occasionally almost an hour The attack generally begins in the thumb 
Putting the hands into cold water does not necessarily bring on an attack 
A cold full bath is more likely to do so The thumbs are apt to become numb if 
she holds anything in her hands for any length of time Long before this con- 
dition came on her arms and hands used to go to sleep a great deal even when 
she was not lying on them Also for as long as she can remember small injuiies 
to the skin of the hands or arms healed badly She pointed out the scar of a small 
burn on the left hand which was still raised above the surface although other- 
wise healed It was a most trifling burn she said Even a little scratch leaves 
a scar She showed \arious marks of old in3urie5 on the arm She has been 
fighting the condition by going out to walk without gloves, continuing to walk 
with her hands exposed even when they became numb, and thought that some 
time she impioved it in this way, her hands afterwards becoming warm Hei 
general method has been to immerse them in warm water on coming in The 
attacks are apt to be induced by a damp day, even if not cold The hands to day 
feel markedly cold to the touch, not only the fingers, but the hands midway to 
the wrists The day was not cold and she was wearing kid gloves Her arms 
me mottled with purple spots She has no trouble in the feet, nose, or else- 
where Ilei general health is satisfactory, but there is some shortness of breath 
on exeition She is fat and well nourished, and the arms and hands are quite 
plump She suffeis much from nervousness 


7 Paper XII of this series 
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The blood-flow in the hands was evammed April 24, 1911 Pulse 108 (sit- 
ting) Mouth temperature 37 55 C Hands put into bath at 10 10 a m At 
10 IS it was seen that the left arm was getting purple, the right arm remained 
unchanged She said the left hand felt colder than the right, and that the 
left arm and hand felt as if swollen Hands put into calorimeters at 10 20 a m 


TABLE 11 — Calobiieetbic Measubemlnts in Case of Mbs W G 


Time 

Eight 

Left 

Notes 

Time 

Eight 

Notes 


30 125 

30 13 


10 43 

30 57 



30 11 

30 13 


10 44 

30 60 



30 12 

30 15 

Eoom temp 26 3 C 

10 45 

30 62 


10 27 

30 17 

30 19 


10 46 

30 67 

Eoom temp 24 9 C 

10 28 

30 20 

30 22 


10 47 


At 10 47 left hand put in 

10 29 

30 22 

30 24 



1 

water at 12 C 

10 30 

30 25 

30 2G 


10 48 

KU ’ 


10 31 

30 26 

30 26 


10 49 

Ml ' » 


10 32 

30f27 

30 27 


10 50 



10 33 

30 29 

30 31 


10 51 



10 34 

30 31 

30 32 

At 10 34 put left hand 

10 52 






in water at 43 C 

10 53 

Hill i 


10 35 

30 33 






10 36 

30 36 


Eoom temp 27 C Face 

10 54 


At 10 54 dried and wrapped 




and ears red She 



left hand It is red and 




says the left hand 



IS not specially cold to 




feels swollen greatly 



touch Eoom temp 27 4 C 

10 37 

30 38 



10 55 

30 83 


10 38 

30 40 



10 56 

30 86 


10 39 

30 42 


Eoom Temp 25 3 C 

10 57 

30 89 


10 40 

30 47 



10 68 

30 92 

Hand out of calorimeter at 

10 41 

30 50 





10 58 

10 42 

30 54 



10 59 


10 59 temp of L is 3030 C 





11 24 


11 24 temp of L is 30 06 C 







Eoom temp 25 8 C 


Cooling of calorimeters, E, O' 18 C degree in twenty six minutes, L, 014 
degree in twenty-five minutes Volume of right hand 391 c c , of left hand 375 c c 
Water equivalent of calorimeters with contents, K , 3,408 , L , 3,395 The left 
hand may be swollen a little, as her ring, which had been removed, now goes on 
with difficulty, yet the subjective feeling of extieme swelling which she had is 
obviously no index of the actual swelling 


The small initial flow in this patient (3 62 grams per 100 c c per 
minute for the right hand and 3 M grams for the left, with the relatively 
high room temperature of 25 3 C ) is considerably more striking than in 
the case of Margaret H This agrees well with the longer duration and 
greater development of the condition in Mrs W G Immersion of the 
left hand in warm water caused a fair and persistent increase in the flow 
in the right (to 5 16 grams), although the absolute flow was still small 
Subsequent immersion of the left hand in cold water caused a strong 
vasoconstriction in the right hand, diminution of the flow to 2 46 grams 
per 100 c c per minute for the first three minutes and 3 93 grams for 
the last four mmutes Although the temperature of the cold water was 
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pmposely made higliei than usual (12 C instead of 8 C ), she complained 
greatly of the cold and withdrew her hand intermittently This was 
seen also in the other cases, and the hypersensitiveness of the alferent 
receptors to cold as ganged hy the sensation elicited has its parallel m 
their liypersensitiveness to cold as components of the reflex vasomotor arc 

The third case of Taynaud’s disease (Mrs C B ) illustrates the 
condition when it has existed f oi a long time and has gone on to gangrene 
The age of the patient was 29 Not only was the local condition more 
severe than in the last case, hut the general physical condition was worse 
The hand flow for a period of sixteen minutes before the vasomotor 
reaction was tested was 3 23 grams per 100 c c per minute for the right 
hand and 4 29 giams for the left Boi the last six minutes of this period 
the flows worked out at 3 65 grams and 3 80 giams for the right and left 
hands, respectively The reflex reaction to warmth was fair (the flow in 
the right hand increasing for the first two minutes of immersion of the 
left in waim water to 6 55 grams per 100 cc per mmnte), hut it was 
transient, and for the last ten minutes of the period the flow was only 
4 30 grams per 100 c c per minute The reflex reaction to cold was also 
anomalous, possibly because of the existence at this stage of the disease 
of considerable anatomical changes in the vessel 

Mrs 0 B , aged 24, was admitted to the Lakeside Dispensary June 1, 1908, 
suffeiing from Raynaud’s disease She was treated with nitroglycerin without 
benefit Apiil 23, 1913, on account of coughs, sweats, and general weakness she 
was ref ei red to the Medical Department of the Dispensary when the following 
data were elicited Both hands are affected The condition was first noted one 
day in winter seven years ago, the fingers becoming cold and pale and then getting 
purple The attacks have been growing steadily worse, especially in the last five 
years Sometimes small grangrenous areas form quickly at the ends of the 
fingers and quickly recover, but always with some loss of substance, so that the 
terminal phalanges of several of the fingers have lost a considerable proportion of 
their length and most of them have lost their nails On all the fingers the nails 
are atrophic She has considerable pain in the fingers when they 'fiireak out ” She 
has had pain and marked stiffness in the right wrist and right forearm for about 
two years, and she uses the right hand but little on account of the stiffness of the 
wrist Tlie skin of the right forearm is somewhat stretched and distinctly glossy 
in comparison with that of the left She cannot bear to put her hands into cold 
water She has no such symptoms in her feet, nose or elsewhere Some years 
ago she had a sore on her ankle, due, as she thinks, to a habit of kicking the 
ankle ivith the other foot The sore refused to heal and she was put in hospital 
for several weeks, during winch time her general health and strength improved 
greatly, and the soie also improved, although it took a long time before it was 
healed She is pale and thin There is some pigmentation of the skm and some 
dulness at the apev of the left lung The radial pulse is small 

Evammation of the blood-flow in tlie hands was made May 9, 1913 The 
marked pallor nith some lividity and the “stone cold” feeling of the hands espe- 
cially of the fingers, uas striking, although she was wearing gloves The day 
Mas rather chilly The terminal phalanx of one finger of the right hand had a 
small sore on the point of it which she said caused her some pain Pulse (sit- 
ting) 112 Meak Hands in hath at 3 15 p m , in calorimeters at 3 27 Mouth 
tcmpeiatuie, 37 35 C 
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TABLE 12 — Calorimetkic Measurements in Case of Mbs C B 





Room 



— 

Time 

Right 

Left 

Temp 

C 

Tune 

Right 

Notes 

3 26 

31 18 

31 17 


3 53 

31 135 

3 52 left hand put m 

3 28 

31 09 





water at 43 C 



3 54 

31 155 

Room 22 8 

3 29 

31 09 


21 3 

3 55 

31 16 

3 30 

31 08 

31 12 


3 56 

31 17 

Room temp 22 9 C 

3 31 

31 08 

31 12 

21 5 

3 57 

31 175 

3 32 

31 08 

31 11 


3 58 

31 18 


3 33 

31 085 

31 11 


3 59 

31 195 

Room temp 22 95 C 

3 34 

31 08 

31 11 

21 8 

4 00 

31 20 

3 35 

31 08 

31 11 


4 01 

31 20 


3 36 

31 08 

31 115 


4 02 

31 205 


3 37 

31 085 

31 12 

22 0 

4 03 

31 21 


3 38 

31 085 

31 12 


4 04 

31 225 

At 4 04 left hand put in 

3 39 

31 085 





water at 12 C 

31 125 

31 14 


4 05 

31 24 

She feels it very cold Left 
hand taken out of uatei 
intermittently 

3 40 

31 09 


4 06 

31 25 

3 41 

31 085 

31 15 

22 1 

4 07 

31 255 

Room temp 22 7 C 

3 42 

31 09 

31 16 


4 08 

3126 

The cold water is now at 
13 5 G The left hand 
IS red She says if it 
had not first been m 
warm water it would 
have been purple in the 
cold water To the 

touch the left wrist is 
warm (vasodilatation), 
much warmer than the 
right 

3 43 


31 17 


4 09 

31 27 

3 44 


31 18 


4 10 

31 28 


3 45 




4 11 

31 295 


3 46 

K|B 

EipuH 

22 0 

4 12 

31305 


3 47 




4 13 

31 34 

4 13 hand out calorimeter 

3 48 


3121 


4 43 

30 96 

4 43 temp L 30 58 C 

3 49 


31 215 




3 50 

31 115 

3122 

22 6 




3 51 

31 12 

31 225 





3 52 

31 12 

3123 






Cooling of calorimeters, R, 0 38 C in 30 minutes, L, 0 65 C in 51 minutes 
Volume of right hand 273 c c , of left 282 c e She is right handed Water 
equivalent of calorimeters with contents, R, 3 313, L, 3 320 


It may be noted that in these three cases of Eaynand’s disease there 
was evidence that a coexisting or preexisting general feebleness of the 
ciicnlation conspired with the local condition in producing the symp- 
toms The blood-flow measurements suggested that if the geneial cir- 
culatory conditions had been normal the local tendency to vasoconstriction 
might not have sufficed to reduce the flow to the level at which the 
symptoms became obtrusive This was the suggestion merel}’’ deiived 
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from tliG tliTG© CtiSGfc studiGd and it is not claiinGd that it has a gcnGral 
application At any latc smcG hand flows habitually as small or smaflor 
aiG often encountered in eases which never develop Raynaud’s disease, 
the primary factor must be a tendency, whatever its essential cause, to 
the local diminution in the flow 

.In a case of ‘"dead fingers” in an elderly man affecting only the right 
hand, the flows were among the smallest observed in the whole investi- 
gation, and this not only in the hand obviously affected, but also in the 
other The patient had been sitting in a well-warmed room for an hour 
before the examination, yet the calculated flow for the right hand was 
only 0 09 gram per 100 c c per minute and for the left 0 35 gram, with 
room temperature 30 5 C A fair reflex vasodilatation was obtained in 
the Tight hand on the immeision of the left in warm water, the flow 
increasing to 0 5 gram, still of course a very small flow, but relatively a 
great increase The dead condition of the light hand is therefore prob- 
ably not due to anatomical change in the vessels, but to a vasoconstriction 

The next case in this group is that of Maurice T , a man 41 years 
old, who had lost a leg through obliterative arteritis 

Matnice T , a tailor’s cutter, height 5 feet 7 inches, weight about 175 pounds, a 
well-built man, apparently in perfect health He was seen April 17, 1911 About 
eight years ago in winter he began to feel the toes of the left foot cold The 
little toe was first affected, gradually the same condition came on in the other 
toes After awhile the toes became painful also The whole foot became involved 
by degrees Then cramp-like pains began to trouble him in the calf of the left leg 
The trouble was worse in winter Small nodules on the foot and toes became 
gangrenous Eventually, four years ago, the left leg had to be amputated above 
the knee The arteries were found extensively affected He never had any pain 
above the knee About six months ago he noticed that the little toe of his right 
foot was cold Later on it began to pain him How the whole right foot is cold 
to the touch and the pulse in the dorsalis pedis poor The little toe has a raw 
surface where it is contact with the next toe and the nail is apparently going to 
come off He knows of no injury to it The pain in the foot is so great that 
while he is in bed he cannot sleep When he stands the pain disappears, but he has 
pain also when he walks The arch of the right foot is broken down and he has to 
wear a support in his shoe There is hypendrosis of the foot in spite of the fact 
that it IS cold The flow in the hands was examined April 17, 1911 hlouth tem- 
perature 36 5 C Hands put into bath at 10 05 a m and into calorimeters at 
10 18 Pulse (sitting), 92 

At tins time the foot calorimeters had not been constructed so that 
only an examination of the flow in the hands was made This was done 
with the idea that some information of possible value for a prognosis in 
regard to the leg condition might be obtained, (1) from the absolute 
amount of the hand flow as an index of the flow in the periphery in 
general, (3) from the nature of the reflex vasomotor response as an index 
of the existence of a tendency to vasomotor spasm, a functional condition 
winch tlieie is good reason to believe may underlie or at least precede m 
certain cases the development of obliterative arteritis The flow in the 
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right hand was 4 87 grams pei 100 c c per mimite and in the left 6 67 
grains, with room temperatnie 25 7 C, a distinctly subnormal flow 
Immersion of the right hand m cold water caused one of the most intense 
reflex vasoconstrictions m the contra-lateral hand which has been wit- 
nessed in the whole course of these observations, the flow declining to 
2 59 grams per 100 e c per minute for the first five minutes and only 
reaching 5 59 grams aftei a further immersion in the cold water of four 


TABLE 13 — CALORrsiETBic McASUEEsrENTS IN Case op ]\Iaueice T 


Tune 

Right 

Left 

Notes 

Time 

Left 

Notes 

10 171/2 

29 57 

29 58 


10 38 

’ 30 21 

Room tempera- 

10 20 

29 58 

29 60 




ature 25 5 C 

10 21 

29 60 

29 62 


10 39 

30 29 

At 10 39 put 

10 22 

29 62 

29 65 

Room tempera- 



right hand in 




ature 25 7 C 



water at 43° 

10 23 

29 66 

29 70 


10 40 

30 31 


10 24 

29 70 

29 76 


10 41 

30 34 

Room tempera 

10 25 

29 74 

29 82 




ture 25 0 C 

10 26 

29 78 

29 86 

Room tempera- 

10 4^ 

30 38 

Room tempera- 




fure 25 6 C 



ture 25 1 C 

10 27 

29 81 

29 92 


10 43 

30 45 


10 28 

29 85 

29 97 

Room tempei a- 

10 44 

30 52 

Room tempera- 




ature, 26 C 



ture 25 2 C 




Ears led 

10 45 

30 60 

Ears still red 

10 29 

29 89 

30 02 


10 46 

30 65 


10 291/2 



Right hand put in 

10 47 

30 72 

Room tempera 




water at 9 C 



ture 25 2 C 

10 30 


30 08 


10 48 

30 80 

At 10 48 dried 

10 31 


30 09 




and wrapped 

10 32 


30 11 

The cold water is 



right hand 




now 10 6 C 

10 49 

30 82 


10 33 


30 12 

He feels the cold 

10 50 

30 88 

Room tempera 




water extremely 



ture 25 2 C 

10 34 


30 14 

Room tempera- 

10 51 

30 94 





ture 26 6 C 

10 52 

31 00 

Room tempera 

10 35 


30 15 




ture 25 3 C 

10 36 


30 19 


10 53 

3107 


10 37 


30 22 


10 54 

31 13 

Hand out of cal 





11 09 


Temp of room 







29 65 C 





11 091/n 

1 

31 01 



Volume of nglit hand, 470 cc , of left hand, 466 cc He is right handed 


minutes The leflex to warmth is also well marked, the flow in the left 
hand eventually rising to 10 96 grams The general indication of the 
observations as regards the question propounded was that a vasomotor 
instability with a tendency to excessive vasoconstriction in the extremities 
might be the basis foi the sjTnptoms in the foot The mequality in the 
flows in the two hands corroborates the idea of some degree of vasomotor 
abnormality Anatomical changes in the nerves were of course not 
excluded Unfortunately, the man soon after removed to a distant part 
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of tlie country, and up to tlie present it lias not proved possible to learn 
tlie fnrtlier iiistory of tbe case 

In the case of Anthony P , a man 36 years old, with gangrene of the 
fingers and toes, the question arose whether the condition depended on 
a vasomotor neurosis 

Anthony P, a Polish laborer, aged 36 years, height 5 feet 8 inches, weight 
150 pounds, was admitted to City Hospital, Oct 9, 1912, complaining of sore 
fingers and toes He froze his feet last winter There is no history of 
frost-bite of the fingeis He had numbness of the fingers a year ago Owing to 
the condition of his fingers he was forced to quit work about three weeks before 
admission On admission the right hand showed beginning gangrene at the tip of 
the thumb, loss of the distal half of the nail of the middle finger, the remainder 
being undermined and loss of the entire nail of the ring-finger The left hand 
showed purplish discoloration of the thumb, the nail being absent, loss of the entire 
nail of the index finger except the root, and gangiene about the base of the nail 
of the ring-finger 

A blood-flow examination of the hands was made on Oct 11, 1912, 
with a very warm day (room tempeiatnre 27 8 C ) The flow came ont 
only 1 22 grams for the right hand, and 1 12 grams for the left per 100 
c c per mmnte, or allowing for the swelling of the left hand, 1 27 grams 
The pnlse-rate was 120 (sitting) The conclusion drawn was that if the 
small flow depended solely on the local conditions it was unlikely that 
the constriction of the vessels was purely functional, since the high room 
tempeiature would have caused vasodilatation He was m such poor 
condition that a suflacient examination of the vasomotor reflexes was 
postponed In the meantime cyanosis of the face and dilatation of the 
neck veins became prommcnt and physical examination revealed the sig-ns 
of serious involvement of the heart (mitral stenosis, aortic insufficiency 
and signs of impanment of the myocardium) It was no longer possible 
to draw deductions from the small liand flow, and the slight response to 
the high external temperature as to the conciition of the local circulation, 
since the state of the heart itself was sufficient to account for the small 
flow even provided that the cutaneous vasodilatation was the maximum 
possible with so small a driving power Also fever (his rectal tempera- 
ture was 39 65 C ) is associated with cutaneous vasoconstriction and a 
small hand and foot flow ® Had the feet been normal, a comparison of 
the hand and foot flow might still have yielded infoimation, since the 
cardiac insufficiency might be expected to dimmish the flow in both 
ivithout affecting the normal ratio between the hand and foot flow, 
whereas a vascular constriction (vasomotor or anatomical) confined to 
the hands would be revealed by a disturbance of this ratio in favor of the 
feet The local conditions, however, soon became a matter of indifierence 
m view of the serious involvement of the heart The patient died 
October 12 


8 Stewart, G 17 • Paper VIII, Jour Exper Med , 1913, xviu, 372 
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The neciopsy showed the following Left lung infarct in the lower lobe 5 cm 
m diameter Right lung infarct in upper lobe 2% cm m diameter, and in lower 
lobe 5 cm in diameter Heart engorged on the right side and left side dilated, 
heart-muscle dark and flabby The pericardium contains 100 c c of fluid Aortic 
valve, left cusp hardened and shortened Mitral admits tip of index-finger Vege- 
tations about the valves Tricuspid, edges of valves thickened, recent vegeta- 
tions Liver, 1,800 grams, with chronic passive congestion Spleen, weight 140 
grams, chronic passive congestion The kidneys show much arterial thickening 
Blood-vessels radial, practically no arterial thickening The fingers show stasis 
of blood in the vessels A cross-section of the index-finger shows much perivas 
cular infiltration, but no thickening of the vessel walls Pathological diagnosis, 
septic endocarditis — (Prom Di Johnson's report ) 

In a case of diabetic gangrene of the feet in a man 63 years old, the 
flow with a room temperatyire of 36 6 C was 1 39 grams for the right 
foot and 1 83 grams for the left, or allowing for the swelling of the latter 
1 95 grams An interesting point is that the flow in the foot m which 
the gangrene had made most progress was greater than in the other foot 
There is scarcely any question that this is due to inflammatory reaction 
The diminished flow in the toes actually involved, if the flow is dimin- 
ished there, would not show in a measurement of the flow through the 
whole foot The sum of the flows m the feet, although subnormal, is not 
strikingly deflcient, and the latio of foot to hand flow (1 1 85) falls 
within the noimal range The hand flow was measured on the day 
preceding the observations on the foot and came out 3 65 grams for the 
right hand and 3 33 grams for the left per 100 c c per minute, with 
room temperature 33 0 C In hospital cases presenting no rapid clinical 
changes, our experience has shoivn that such observations can safely be 
compared The fact that the flow both in the hands and feet is decidedly 
below the normal agrees with the well-known feebleness of the cutaneous 
circulation in diabetes, and is probably in part due to cardiac changes 
The vasomotor reflex, when warm water is applied to the contralateral 
hand, is veiy poor Whether this indicates tlie beginnmg of pathological 
changes in the hand arteries also cannot of course be definitely stated 
It IS in any case interesting to correlate the enfeeblement of this vaso- 
motoi reflex with the enfeeblement or disappearance of skeletal reflexes 
such as the knee-jerk, which is known to occur in long-standing cases 

James P , a teamster 63 years old, was admitted to the City Hospital, Aug 16, 
1911, witb a small ulcer on the inner surface of the left great toe and a scar in 
the same position on the right great toe He came for treatment for his foot It 
was found that the urine contained 4 per cent of sugar with a trace of albumin 
He was put on a diabetic diet The blood count showed erythrocytes 4,890,000, 
leukocytes 7,800, hemoglobin 90 per cent April 28, 1912, the percentage of sugar 
in the urine was reduced to 0 8 April 11, 1912, when the blood-flow in ^^e fret 
■was examined there were small necrotic areas on the great and second toes of the 
ngbt foot The distal half of the left foot was bluisli-red and the foot consider 
ably swollen The toes of the right foot were also bimsh-red He says that 
sometimes the left foot is hot, but when the flow in the feet was examined this 
was not the case 
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Feet m bath at 1 21 p m , in calorimeters at 1 33, and out of calorimeters at 
2 00, 3,740 c c of water in each calorimeter® 

Mouth temperature 37 45 C Pulse (sitting), 68 

TABLE 14 — CAixiEiiiETBic Measxibemeijts in Case op James P 


Time, 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Right 

Left 

Room 

Temp 

C 

1 37 

30 82 

30 76 


1 

51 

30 995 

30 97 


1 38 

30 82 

30 80 

25 9 

1 

52 

30 98 

31 00 


1 39 

30 86 

30 82 


1 

53 

31 01 

31 01 

25 4 

1 40 

30 875 

30 83 


1 

54 

3102 

31 025 


1 41 

30 885 

30 84 


I 

55 

31 03 

31 04 


1 42 

30 885 

30 855 

25 8 

1 

56 

31 035 

31 05 


1 43 

30 905 

30 87 


1 

57 

31 05 

3106 


1 44 

30 92 

30 88 


1 

58 

31 05 

31 08 


1 45 

30 935 

30 915 


1 

59 

31 06 

31 10 


1 46 

30 94 

30 92 


2 

00 

31 02 

3109 

25 4 

1 47 

30 95 

30 935 


2 

28 

30 76 



1 48 

30 96 

30 95 

25 2 

2 

29 


30 75 


1 49 

30 975 

30 96 


2 

32 

30 71* 



1 50 

30 98 

30 96 


2 

33 


30 72* 



* Alter better stirring 


Cooling of calorimeteis, K, 0 31 degree in thirty- two minutes, L, 0 37 degree 
in thirty-three minutes Volume of right foot in calorimeter 1,090 cc of left 
foot 1,175 cc Rectal temperature (taken by himself and doubtless too low as 
compared with mouth temperature), 37 6 C Water equivalent of calorimeters 
with contents, E , 4,760, L , 4,820 

The next case is remarkable for the fact that the flow in the hands 
per 100 c e per mmnte was Tery much less than m the feet, a quite 
unusual circumstance 

K , a laborer aged 50, was admitted April 15, 1912, to the City Hospital He 
was much cyanosed on admission, and when the flow m the hands was first exam- 
ined nest day the cyanosis was still well marked in the face, nose, ears and 
hands, although less pronounced than on admission. There is gangrene of the 
toes on left foot The pulse can he felt in the dorsalis pedis Blood-pressure 140 
systolic, 100 diastolic He had some cough and rhles of every description were 
heard all over the lungs The fingers were markedly clubbed The heart-sounds 
were weak A, soft systolic murmur and reduplicated second sound were heard 
over the left sternal border, more marked at the base The heart was enlarged 
Jhe pulse at the wrist is not strong, but by no means so weak as to suggest 
that the blood-flow in the hands would be found so small as is actually the case 

April 16 the flow in the right hand came out only 0 ^7 gram per 100 
c c per minute and m the left hand 0 38 gram, for a period of eighteen 
mmutes m the calorimeters, with room temperature 23 8 C Immersion 
of the left hand in warm water caused no mcrease whatever in the flow 
m the right The very small flow m the hands agreed vnth the diagnosis 

9 For the details of measurements of foot-flow see Paper VII of this senes, 
Jour E\per Med, 1913, xnii, 354 
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of myocarditis It is possible also that a factor in the small flow was 
nervousness, as this was the fiist examination, and the patient was a 
foreigner, speaking no English Still the effect of nervousness on the 
flow usually passes away more quickly 

April 18 he was again examined The cyanosis was now much dimin- 
ished and the radial pulse was strongei The flow in the right hand 
was 1 05 glams and in the left 1 43 grams per 100 c c pei minute, with 
room temperature 22 5 C , still quite a small flow, although much greater 
than at the last examination In the light foot the flow was 2 15 grams 
per 100 c c per minute, and in the left foot 3 42 grams Immeision of 
the right foot in cold watei was accompanied by a reduction in the flow 
in the left foot to 2 68 grams, which was only slightly mcreased (to 2 87 
grams) when the right foot was put into warm water 

* 

Feet in bath at 2 07 p m , in calorimeters 2 19 p m Patient sitting 
3 740 c c -water in each calorimeter At 2 45 p m the right foot was put into 
water at 10 5 C 

TABLE 15 — Calorimetric Measurements in Case of K 


Time 

Eight 

Left 

Eoom 

Temp 

C 

Time 

Left 

Notes 

2 22 

29 99 

29 93 


2 46 

30 605 


2 23 

30 00 

29 95 

20 5 

2 47 

30 625 


2 24 

30 02 

29 99 


2 48 

30 635 

Eoom temp 20 7 C 

2 25 

30 03 

30 05 


2 49 

30 655 


2 26 

30 045 

30 08 


2 50 

30 665 


2 27 

30 07 

30 125 


2 51 

30 70 


2 28 

30 08 

30 14 

20 4 

2 52 

30 715 


2 29 

30 09 

30 175 


2 53 

30 725 


2 30 

30 10 

30 22 


2 54 

30 745 

At 2 54 right foot put in 

2 31 

3011 

30 245 




w'ater at 42 8 C 

2 32 

30 125 

30 275 


2 55 

30 76 

Eoom temp , 21 0 C 

2 33 

30 135 

30 30 


2 56 

30 775 

Eight big toe painful 

2 34 

30 145 

30 33 


2 57 

30 80 


2 35 

30 17 

30 35 

20 1 

2 58 

30 825 


2 36 

30 19 

30 38 


2 59 

30 835 


2 38 

30 21 

30 42 


3 00 

30 85 


2 39 

30 22 

30 46 


3 01 

30 87 


2 40 

30 23 

30 47 


3 02 

30 90 

Eoom temp 21 3 C 

2 41 

30 23 

30 50 


3 03 

30 925 


2 42 

30 235 

30 52 


3 04 

30 935 


2 43 

30 24 

30 535 


3 05 

30 94 

Foot out of calorimeter 

2 44 

30 26 

30 56 


3 17 

30 75 

Eoom temp 20 9 C 

2 45 

30 275 

30 595 


3 18 


Temp of E is now 29 79 C 


Cooling of calorimeteis, E, 0 485 C in thirty three minutes, L , 0 19 C in 
tivelve minutes Eectal temperature 37 6 C Volume of right foot in calorimeter 
950 e c , of left 985 e c Water equivalent of calorimeters with contents, E , 
4,G52, L, 4,679 

The question whethei the gangrene was going to spread was what 
chiefly interested the physician in charge of the case The fact that the 
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flow m the feet was so good was interpreted as favorable for the prog- 
nosis, although of course it was impossible to say to what extent the flow 
in the toes themselves had been interfered with The left foot was 
somewhat swollen, as shown by the volume measurement Yet it was 
only a little ovei 3 per cent larger than the right The greater flow m 
the left was probably related to a ceitain degiee of inflammatory reac- 
tion The foot soon began to heal up But on April 26 the temperature, 
which had hitherto never surpassed 100 F , began to rise, reaching 
104 2 F on April 27 Then it fell and remained below 100 F till his 
death on May 3 

The existence of a lelatively good flow in the feet associated with a 
poor flow in the hands demands some fuither remark It is probable 
that the immediate cause of the lesion in the left foot was exposure to 
cold If so, it IS likely that the alieady existing feebleness of the circu- 
lation and the poor response of the vasomotor regulatory mechanism 
were contributing causes Veiy likely both feet suffered in 3 uiy, although 
it only went on to gangrene in the left The flow in both feet may, 
therefore, have been increased by the reaction to the in 3 ury caused by the 
fieezmg, and this in spite of the feeble driving-power of the heait Thus 
the flow in the feet may have been brought up by the accident of the 
inflammation appioximately to the normal flow, while that in the hands 
fell far below the normal 

Miss W, aged 25, weight 128 pounds, has lost fourteen pounds since her 
illness began She first noticed pain in the ankles with some swelling in March, 
1908 The pain increases as the day goes on, and at about 7 p in it is ivorse 
but on lying down she gets relief In the morning hei eyes aie swollen The 
wiists also swell when she uorks much ivitli liei arms Theie is some shortness 
of breath She must lie down some pait of the dav if she desnes to sit up at 
night, even to 9 o’clock An eruption consisting of raised red spots comes out peri- 
odically on the legs, also, though much less copiously, on the arms There is burn- 
ing pain and itching in the spots In a day they get brownish, and in two days 
hai e disappeared to a great extent, except that a bi own stain pei sists for weeks 
Seveial spots 2 cm in diameter which had come out the pievious day on her 
legs were examined The reddish color did not diminish on pressure From her 
description the spots resemble urticaria at first and then hemorrhage takes place 
into the wheals On the trunk also are spots which she describes as wheals, 
which itch and are painful, but the most purpuric looking spots are on the legs 
On the fioiit of each tibia is a spot w’lth a blackish crust from which she says 
some raattei came out, but generally no liquid escapes from them Her feet and 
toes aie cold and so aie her hands especially the terminal phalanges of the 
fingers Hei nails giow' ii regularly, probably more quickly than before, and are 
ridged There is distinct defect of sensation in the toes and the adjacent parts of 
the foot A pin-prick is scaicely felt, and then only as contact She does not 
feel any tickling sensation wdien the sole is stroked and there is no plantar 
reflex Good knee-jeiks can be obtained There is a long reddish scar on the 
back of one finger of the left hand She says she had “blood poisoning” some 
time ago in a small wound caused by a tack and healing did not occur for 
eighteen weeks The heart-sounds are clear and unaccompanied by muimurs 
The urine contains no albumin, casts or sugar Her eye sight is not affected 
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The blood-flow m the hands was examined May 9, 1911 Pulse 88 Month 
temperature 37 6 C Hands put into bath at 10 14% p m , and into calorimeters 
at 10 24 


TABLE 16 — Caloeimetbic hlEASUBEMENTS IN Case oe Miss W 


Time 

Eight 

Left 

Notes 

Time 

Eight 

1 Notes 





10 43 






, 24 0 C 



ture 24 3 C 



■Mi ITM 


10 44 




30 10 



10 45 



10 ^7 


Bu iwB 




hand put m 







water at 9 1 C 


30 10 

El iu 

Eoom tempera- 

10 46 

30 215 

She feels left 




24 1 C 



hand very un- 

10 30 

30 10 

pn 





10 31 

30 10 



10 47 

30 22 


10 32 


Efl 


10 48 



10 33 






24 3 C 

10 34 

30 125 

BU Ifll 


10 49 



10 35 




10 50 



iO 36 

30 145 

^ l^p 


10 51 



10 37 


Bu nS 

At 10 37 left 

10 52 






hand put in 



ture 24 4 C 




water at 43 C 




10 38 

30 165 





and wrapped 




ture 24 3 C 



left hand It 




Left hand is 



IS pietty red 




fairly red and 

10 53 

30 235 





the veins of 

10 54 






fair size 

10 55 



EGEuB 






ature 24 5 C 

lUKil 




10 56 


Hand out of 


30 185 












Feels pins 







needles in it 







Temperature of 





11 26 ^ 


L, 29 91 (at 







10 56%) 


Cooling of calorimeters, E , 0 215 C in thirty minutes, L , 0 15 G in nineteen 
and one half minutes Volume of right hand in calorimeter 292 c c of left 298 c c 
She IS right-handed 

May 25, 1911, the physician in charge of the case reported that since the time 
of the blood-flow examination she had had rather severe intestinal symptoms and 
that her temperature rose to 103 F He gave her calcium chlorid and alkalies 
She IS now much better than for a while and the spots have disappeared 


The flow m the Tight hand was 216 grams per 100 c c per minute 
in the left 1 64 grams, with room temperature 24 1 C , a very poor flow 
for her age Beflex vasodilatation is absent, or quite feeble, the flow in 
the right hand only rising to 2 38 grams when the left was immeised in 
warm water Scraping the skin with a blunt point caused no local vaso- 
dilatation Although the initial flow was so small a further reflex 
vasoconstriction, reducing the flow in the right hand to 1 72 grams, was 
obtained when the left hand was put into cold water hTo doubt the 
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coexisting anemia is a factor m reducing ttie iow tlirongli tlie hands 
The ioxemia (rheumatic perhaps) on which the purpura depends may 
also depress the flow more directly, either by enfeebling the heart or by 
vasoconstriction The conclusion deduced from the blood-flow measure- 
ments was that the feeble cutaneous flow might be a factor in the con- 
dition, and that so far as this went, the indication was that such measures 
should be adopted as would increase the flow in the skin, including the 
treatment of such anemia as was present^® 

The last case to be described m this paper is that of Charles H 

Charles H , a clerk 42 years old, height 5 feet 10% inches, weight 140 pounds, 
was admitted to the City Hospital Nov 23, 1912, with edema of the right foot and 
leg The swelling began a month ago, commencing at the toes with inflammation, 
he says, resembling erysipelas A little over a year ago he accidentally injured the 
right lower leg by a blow with a hammer about midway between knee and ankle 
over the tibia It healed at the time Afterward a sore opened from which mat- 
ter was discharged He entered a hospital, where the leg soon healed He has pain 

TABLE 17 — Caloeiketkic Measueements in Case oe Chables H Eiesx 

Examination 


Time 

Right 

Left 

Room 

Temp 

0 

Time 

Right 

Left 

Room 

Temp 

C 

3 26 

3143 

31 43 


3 51 

31 15 

31 165 


3 29 

31 36 

31 31 

22 7 

3 53 

31 135 

31 18 

23 0 

3 31 

3133 

3128 


3 55 

31 125 

31 185 

23 1 

3 33 

31 305 

3124 

22 8 

3 57 

31 12 

31 19 

23 15 

3 35 

3128 

31 23 

23 1 

3 59 

31 105 

31 21 

23 1 

3 37 

3126 

31 195 

23 15 

4 01 

31 09 

31 225 


3 39 

31235 

31 18 


4 03 

31 08 

3124 

23 0 

3 41 

31 22 

31 17 

23 1 

4 05 

31 07 

31 24 


3 43 

3120 

31 16 


4 07 

31 06 

31 245 

23 0 

3 45 

31 18 

31 155 

23 1 

4 10 

3101 

31 18 


3 47 

3 49 

31 17 

31 16 

31 155 

31 15 

23 0 

4 21 

30 865 

3104 



as soon as he commences to walk When he stands up for a few minutes the foot 
becomes very blue and the small blood-vessels distend The swelling comes on with 
great rapidity (in ten or fifteen minutes) when he goes about on his feet, and dis- 
appears completely when he lies down for a little while There are no varicose 
veins He does not appreciate warmth or cold, or contact (blunt-point) on the 
dorsum of the right foot or on the lower third of the right leg A pin-pnck is 
felt as dull contact There is no anesthesia above the level of the scar due to the 
injury, except for a small tongue just above and continuous with the scar The 
right sole is very sensitive It began to be hypersensitive just after the foot com- 
menced to swell When he awakes in the morning he has a burning sensation 
about the toe-nails of the right foot This disappears when he walks about a lit- 
tle When he stood up it was seen that his right leg became very red in the 
anesthetic region On pressure the red color disappeared He says that when he 
first came into the hospital the white spot produced on pressure remained for some 
time, but now it quickly becomes red again When he first came into the hospital 


10 Paper VI of this series. Jour Exper Med , 1913, xviii, 13. 
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the red color which came on when standing soon became pale blue, whereas after a 
fortnight in the hospital it remains red The legs, however, continue to be cold to 
the touch Ho vould not know his leg and foot weie becoming red if he did not 
see it He says he cannot keep the right foot warm When the left foot is sweat- 
ing under the bedclothes and he puts his hand down to feel the right foot it is 
always cold He looks anemic and feels pretty weak, though his appetite is good 
He has lost nearly 30 pounds in weight since he had malaria in Texas three yeais 
ago The knee jerks and ankle-jerks are somewhat exaggerated, but there is no 
patellar or ankle clonus Examination of the heart and lungs is negative in 
lesult and the lieait sounds are clear though very weak and distant The pulse 
IS regular 

The flow in the feet was examined Dec 5, 1912, the patient sitting Feet in 
bath at 3 15 p m , in calorimeters at 3 28, and out of calorimeters at 4 07, 
2,775 cc of water in each calorimetei (Table 17 ) 

Cooling of calorimeters in eleven minutes, E, 0145 degree, L, 014 degree 
Volume of right foot 9C1 c c , of left 924 cc He has small feet (No 7 shoes) 
Eectal tempeiature 37 6 C Pulse (sitting) 100 Water equivalent of calor- 
imeters with contents, E , 3,696, L , 3,668 

Second examination Dec 10, 1912 Pulse (sitting) 96 Hands in bath at 
3 14 p m , in calorimeters at 3 27 At 3 40 right hand put into watei at 42 8 C 
When taken out of the cold water the right hand was distinctly redder than 
the left Cooling of calorimeters, E, 0 505 C in forty one minutes, L, 0 19 C 
degree in sixteen minutes Volume of right hand in caloiimeter 367 cc, of left 
hand 355 c c He is right-handed Eectal temperature 37 35 C Blood pressure 
in right arm, systolic 108, 88 (sudden change in sound), 81 (sound gone) The 
left arm systolic 108 (Table 18 ) 


CABLE 18 — Calorimetric Measurements in Case of Charles H Second ExAMlNATIO^ 





Eoom 



Eoom 

Notes 

lime 

Eight 

Left 

Temp 

Time 

Left 

Temp 



C 



C 


26 

31 89 

31 85 

21 9 

3 47 

3190 

22 5 


28 

31 85 

31 81 

22 0 

3 48 

31 91 

22 4 


29 

31 85 

31 81 

22 15 

3 49 

31 92 



30 

31 85 

31 81 

22 15 

3 50 

31 925 

22 8 


31 

31 855 

31 82 


3 51 

31 93 



32 

31 86 

31 825 

22 4 

3 52 

31 935 

22 9 


33 

31 865 

31 83 

22 6 

3 53 

31 94 



34 

31 87 

31 84 

22 8 

3 54 

31945 

22 7 

At 3 55 right hand put in 

35 

31 875 

31 84 

3 55 

31 955 






water at 8 6 C 

36 

31 88 

31 85 

22 6 

3 56 

31 955 



37 

31 88 

31 855 

22 5 

3 57 

31 955 


The right hand is red He 
feels the water very cold 

38 

31 895 

31 86 

3 58 

31955 



39 

31 895 

31 86 


3 59 

31 95 

23 7 


40 

31 895 

31 865 


4 00 

31 945 

23 5 


41 


31 875 

23 0 

4 01 

31 94 

Tlie right hand does not now 
feel cold at all Still red 

42 


31 875 

4 02 

31 94 


43 


31 875 

22 8 

4 03 

3194 

23 7 


44 


31 88 

31 885 

22 7 

4 04 

4 05 

31 935 
31 93 

Hand out of calor at 4 05 

40 


31 89 

4 21 

31 74 


4 21 temp of K is 31 39 C 
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The distribution of the anesthesia and the history of the case seem 
to indicate that a nerve injury was the starting point of the vascular 
condition The how in the right foot was 0 51 gram per 100 c c per 
minute and in the left 1 35 grams, with room temperature 33 0 C The 
flow in the right hand was 3 43 grams, and in the left hand 3 71 grams 
per 100 c c per minute, with room temperature 33 6 0 Wliile, then, 
the flow in the hands is much below the normal, which coriesponds well 
with the 1 ather feeble action of the lieait and with the patient’s anemic 
condition, the flow in the left foot preserves a ratio to that in the hands 
not far fiom normal The flow in the right foot, however, is distinctly 
poor, even in proportion to the pool hand flow The cause accordingly 
of the small flow in the light foot is not a central one, but is local This 
agrees well with the patient’s observation that he cannot keep the right 
foot warm, and that the led color which it first exhibits when he stands 
becomes pale blue The blood-flow measurement coiioborates the con- 
clusion that in the right foot the blood is stagnating in the capillaries 
of the engorged area 

SUMMABY 

1 In cases with marked arteriocclerosis the blood-flow in the hands 
is smaller and the contralateral vasomotor reflexes less pronounced than 
normal 

3 In cases of thoracic aneurysm the flow in the hands may be normal 
Where it is subnormal there is no evidence, apart from a unilateral 
deficiency m some cases due to the pressure of the aneurysm, that the 
existence of the aneurysm as such has any influence in diminishing the 
flow, the diminished flow being associated with coexisting pathological 
conditions (myocardial changes, valvular lesions) 

3 A great difference in the form of the pulse-wave in the two radials 
associated with thoracic aneurysm does not necessarily indicate a differ- 
ence in the flow through the hands The hand flows may be identical 
when the sphygmograms from the radials on the two sides are very 
different 

4 In thiee cases of Raynaud’s disease the hand flows were subnormal 
even in the absence of an actual attack, in the more advanced cases very 
much below the normal 

5 An abnormally great contralateral reflex vasoconstriction to cold 
seems to chaiacterize the earlier stages of Raynaud’s malady Wlien it 
has existed for a long time and gangrene has occnried, the vasomotor 
reactions indicate the existence of anatomical changes in the vessels, 
which do not peimit vasomotor reflexes as intense as at first 



TABLE 19— SUMMABY of CALORrMETBIO 


Case 

Age 

Date 

Pulse 

Rate 

Blood 

Pressure 

T( 

Boom 

jmperati 

Art 

Blood 

ire (C ) of 

Calorimeters 

Volume of 
Part in cc 

Eight 

; Left 

Eight 

Left 

Chas S 

\ 69 

7/ 8/13 

80 

180, (120) 

28 3 

36 3 

30 70 

30 75 

437 

410 






28 3 


30 96 









28 3 


31 12 




Fred S 

58 

5/ 8/13 

116 

122, (101)* 
63 

23 8 

36 9 

3128 

31 25 

497 

484 






23 9 


3147 









23 9 


31 70 









23 9 


31 91 









24 0 


31 99 









24 2 


3219 




Paul K 

57 

4/24/12 

100 

115 

22 8 

37 5 

31 14 

31 27 

454 

451 






22 6 


31 52 

31 54 



Joseph C 

50 

1/31/11 

88 

160 

21 5 

37 2 

29 49 

29 43 

505 

480 

Wm B 

53 

12/22/10 

84 

205 

20 8 

37 1 

28 81 

28 97 

410 

390 



1/17/11 

88 

210 

22 2 

36 9 

31 07 

30 82 

435 

410 

Kichard B 

38 

5/23/11 

100 


27 9 

37 1 

31 03 

30 75 

495 

437 






28 0 



3109 








28 0 



31 26 








28 1 



3141 








28 2 



31 66 



Sam S 

31 

12/10/12 

124 

L, 118,(58) 

22 2 

37 9 

31 98 

32 01 

580 

603 





R, 157, (61) 







John McL 

50 

8/27/12 


156, 83 

22 2 

36 15 

30 73 

30 72 

498 

475 


! 




21 2 


30 53 

30 44 

1,697 

1,712 



8/28/12 

97 


21 1 

36 7 

30 63 

30 59 

507 

454 


1 




20 4 


30 87 

30 76 

1,780 

1,749 

Mrs W G 

28 

4/24/11 

108 


25 3 

37 55 

30 22 

30 24 

391 

375 






25 1 


30 51 






i 

1 



25 0 


30 73 






i 





30 77 






J 



2 66 


30 87 




Mrs C B 

29 

5/ 9/13 

112 


217 

37 35 

31 09 

31 10 

273 

282 






22 3 


31 10 

3127 








22 3 


31 11 

3121 








22 8 

! 

31 14 









22 9 

I 

31 19 



• 






22 8 


3124 









22 7 


31 25 









22 7 


3130 




Maurice 1 

41 

4/17/11 

92 


25 7 

36 5 

29 84 

29 76 

470 

466 






26 3 



3011 








26 6 



30 22 








25 0 



30 34 








25 2 



30 59 



Anthony P 

36 

10/11/12 

120 


27 8 

39 15 

31 90 

31 92 

406 

460 

James P 

03 

4/10/12 



22 0 

37 05 

30 51 

30 59 

438 

414 






22 0 



30 78 





4/11/12 

68 


25 6 

37 35 

30 92 

30 93 

1,090 

1,175 

K 

50 

4/16/12 

116 

140, 100 

23 8 

36 7 

30 55 

30 65 

352 

310 






24 0 


30 44 






4/18/12 



22 5 

37 1 

29 55 

29 72 

313 

304 






20 3 

37 0 

30 13 

30 26 

950 

985 






20 7 



30 67 








21 1 



30 84 



Miss W 

25 

5/ 9/11 

88 


24 1 

37 6 

3013 

30 05 

292 

298 






24 3 


30 19 









24 3 


30 23 









24 4 


30 24 




Chas H 

42 

12/ 5/12 

100 


23 0 

37 0 

31 11 

31 20 

961 

924 



12/10/12 

06 

108, (88) 81 

22 6 

36 8 

31 S7 

31 84 

367 

355 






22 9 



31 87 








22 7 



31 92 




1 


1 


23 0 



31 93 

( 




* As in the other papers, the numhers in brackets in tins column gii e the pressure at ii hich 


the sound had disappeared 

The condensed results of three of the cases referred to in this paper (Meyer, G, J OR and 
this series (Heart, 1911, in, 33) 


it Given Off in 
}ram Calories 

Blood-Flow in 
Gm Per Mm 

i' iow x'er iuu 
cc of Part 
Per Mm 

Notes 

it 

Left 

In 

Mins 

Right 

Left 




822 

8 

23 07 

20 67 

5 25 

5 01 

Arteriosclerosis 

3 


8 

18 81 


4 30 


Left hand in water at 8 5 C 

4 


7 

22 18 


6 08 


Left hand in watei at 43 C 


1,428 

10 

28 64 

28 08 

6 76 

5 80 

Arteriosclerosis 



3 

27 96 


6 62 


Left hand in water at 43 C 



10 

38 24 


7 69 


Left hand still in water at 43 C 

4 


3 

18 18 


3 65 


Left hand in water at 8e 

1 


6 

27 57 


5 54 


Left hand still in water at 8 c 

2 


10 

32 13 


6 46 


Left hand in water at 38 5 C. 

5 

G66 

7 

19 84 

16 71 

4 37 

3 70 

Aneurysm first seven minutes 


2,143 

15 

34 69 

26 63 

7 64 

5 90 

Last fifteen minutes in calorimeters 


2,460 

11 

33 81 

31 09 

6 69 

6 66 

Aortic aneurysm 


2,927 

14 

34 36 

28 59 

8 38 

7 33 

Thoracic aneurysm 


2,974 

14 

44 50 

38 82 

10 23 

9 47 



2,239 

11 

64 03 

35 62 

10 91 

8 15 

Innominate aneurysm 


617 

4 


23 89 


6 47 

Right hand in water at 8 1 C 


792 

4 


37 63 


8 61 

Right hand still in water at 8 1 C 


413 

3 


26 91 


6 16 

Right hand in water at 4 3 C 


1,516 

7 


44 23 


10 12 


6 

4,292 

13 

G4 47 

62 28 

11 11 

10 32 

Aortic aneurysm 

7 

208 

14 

2 07 

2 73 

0 41 

0 57 

Cardio-renal disease with aneuiysm 

4 

100 

8 

2 81 

2 43 

017 

014 

Feet 

5 

501 

17 

6 65 

6 36 

1 11 

1 18 


m 

608 

10 

1174 

11 37 

0 66 

0 65 

Feet 

2 

754 

9 

14 18 

12 93 

3 62 

3 44 

Raynaud’s disease 

4 


12 

20 18 


6 16 


Left hand in water at 43 C 

m 


3 

9 23 


2 46 


Left hand in water at 12 C 

5 


4 

15 36 


3 93 


Left hand still in water at 12 C 

7 


4 

19 83 


5 07 


Left hand dried and wrapped 

8 

299 

8 

6 61 

6 64 

2 42 

2 35 

Raynaud’s disease first eight minutes 

6 

1,079 

16 

8 83 

12 12 

3 23 

4 29 

Next sixteen minutes in calorimeters 

2 

415 

7 

9 97 

1073 

3 65 

3 80 

Last seven minutes of the sixteen 

m 


2 

17 89 


6 55 


Left hand in water at 43 C 

1 


10 

1174 


4 30 


Left hand still m water at 43 C 

7 


2 

16 18 


5 56 


Left hand in water at 12 C 

8 


2 

10 74 


3 93 


Left hand still in water at 12 C 

7 


5 

1,752 


6 41 


Left hand still in water at 12 C 

1 

1,111 

8 

31 09 

22 89 

6 67 

4 87 

Arteritis m leg 


347 

5 


12 07 


2 59 

Right hand in water at 9 C 


589 

4 


26 06 


5 59 

Right hand still in wmter at 9 C 


382 

3 


22 97 


4 93 

Right hand in water at 43 C 


1,630 

6 


51 09 


10 96 

Right hand still in water at 43 C 

4 

336 

10 

4 96 

5 16 

122 

1 12 

Gangrene of fingers, septic endocarditis 

3 

1,199 

15 

11 59 

13 75 

2 65 

3 32 

Diabetes 


1,027 

11 


16 54 


3 99 

Right hand m water at 43 C 

3 

2,858 

23 

15 19 

21 50 

1 39 

1 83 

Feet (left gangrenous) 

5 

87 

18 

0 95 

0 88 

0 27 

0 28 

Myocarditis , cyanosis ( Congenital heart ’ ) 

4 


10 

0-78 


0 22 


Left hand in water at 41 8 C 

(5 

434 

15 

3 29 

4 35 

] 05 

143 

Cyanosis much less 

2 

4,712 

23 

20 47 

33 77 

2 15 

3 42 

Feet (left toes gangrenous) 


l}3b / 

9 


26 46 


2 68 

Right foot in water at 10 6 C 


1,726 

11 


28 30 


2 87 

Right foot in water at 42 C 

)7 

300 

Rll 

L 9 

6 32 

4 90 

2 16 

164 

Purpura 

^2 


8 

6 97 


2 38 


Left hand in water at 43 C 

4 


7 

5 04 


172 


Left hand in water at 9 1 C 

53 

• 

4 

5 04 


172 


Left hand dried and wrapped 

'4 

1,192 

18 

4 96 

12 67 

0 61 

137 

Feet (edema of right) 

59 

588 

10 

12 59 

13 17 

3 43 

3 71 

Hands 


210 

4 


11 83 


3 33 

Right hand in water at 42 8 C 


700 

11 


14 49 


4 08 

Right hand still m water at 42 8 C 


321 

10 


7 32 


2 06 

Right hand in water at 8 6 C 


a'brupt change in the sound occurred, the smaller number follo-wing is the pressure at -which 












CHEOKIC GASTEIC IJLCEE AND ITS EELATION TO 
GASTEIC CAECINOMA-^ 

REVIEW OE SIX HUNDRED EIGHTY-EOUR SPECIMENS f 
WILLIAM CARPENTER MacGARTY, MD 

AND 

ALBERT COMPTON BRODERS, MD 

MAYO CLINIC 
EOCHESTER, MINN 

The discussion which is going on in the literature over the question 
of whether or not gastric carcinoma develops on chrome gastric ulcer 
and legarding the percentage of chronic ulcers which ^Tecome” carci- 
noma tous^ IS, it seems to us, a discussion which is not only dealing 
with an unanswerable question with oui piesent methods of investiga- 
tion, but IS also doing a great deal of unnecessary harm to mankind 
by preventing rational treatment Viewed from the standpoint of 
feasibility of scientific investigation, such discussion seems superfluous 
for the following leasons 1 No one has seen a chronic gastric ulcer in 
the process of development 2 No one has been able to witness the 
stages of reaction to iiritation through which the tissues of the gastric wall 
pass during the formation of ulcer or carcinoma 3 No one has ever 
recognized carcinoma in the process of development anywhere in man 
or other animal 4 Even the most skilful cellular pathologist cannot 
point out the line of demai cation betiveen simple hyperplastic cells of 
the mucosa of a simple chronic ulcer and malignant hyperplastic cells 
of a chronic ulcer which is associated with carcinoma 5 No one has 
eiperimen tally produced a caicinoma 

With these fundamental limitations of our knowledge, one can 
only view the conditions as they occur The known facts which are 
seen in the specimens herewith presented are the following 

1 Single and multiple chronic ulcerations occur in the stomach 
(Figs 1, 3, 13 and 18) 

2 They vary widely in size (diameter and depth), as in Figures 
I, 3, 5, 6, 8, 9, 10, 11, 13 14, 18, 19, 39 and 33 

*Eead befoie the Southern Minnesota Medical Society, Mankato, Aug 5, 1913, 
and befoie the Kentucky Medical Society, Sept 2, 1913 

tTIus number includes 218 specimens preiiously reported by MacCarty at 
the meeting of the Ameiican Medical Association, June, 1909, and published in 
Surgeiy, Gynecology and Obstetrics, May, 1910 
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3 The chaiactenstics of simple chronic gastric ulcers consist of 
excavations in the wall of the stomach, and these excavations may 
have the mucosa, inuseulaiis mucosae, suhmucosa, musculature, suh- 
seiosa 01 peiigastric stiuctuies for then bases, depending on their 
depth (Figs 2, 3, 4, 6, 9, 11, 14, 19, 20, 29, 30, 34, 35, 37 and 38) 

4 The excavations may be wide and shallow (Fig 2) or narrow 
and deep (Figs 8, 9, 37 and 38) 

5 The mucosa of the borders of gastric ulcers may gradually recede 
fiom the base or oveihang the base (Figs 2, 14 and 34) 

6 The epithelium of the mucosa, which is the most natural source 
of carcinoma, may be noimal (differentiated), as in Figures 15, 16 
and 24, hypei plastic (paitially differentiated), as in Figures 23 and 25, 
01 iiregulaily hyperplastic and migratory (extra glandular or in the 
stioma), as m Figuies 31, 32 and 36 

7 The bases of chronic gastiic ulcers consist of scar tissue which 
ladiates usuall}'' from the center of the ulcer or is peipendicular to 
the plane of the coats of the stomach (Figs 7, 12, 20, 30, and 35) 

8 Usually the surface of the base is composed of necrotic tissue 
which is infiltrated with lymphocytes (Figs 7, 12, 17, 20, 21, 30 
and 35) 

9 Caicinomatous cells occur in the lowei parts of the mucosa and 
in the immediate submucosa without their being present in the base 
(Figs 30, 31 and 32) 

10 Of 684 specimens which were either excised or resected from 
the stomach, 191 weie chronic ulcers oi ulceis in which no histologic 
evidence of carcinoma was present There weie 472 specimens which 
presented the characteristics of simple ulcer plus the presence of car- 
cinoma and iwent 3 ’’-one specimens of ulcer in which the piesence of 
cancel was doubtful The ulcei which contains the smallest amounts 
of caicinomatous cells contains these m the mucosa of the borders and 
not in the base Ihe eailiest carcinomatous condition of the cells is not 
seen in so-called ^^cut-ofF’ epitlielium, in scar tissue of the base, but is 
seen in the epithelium of the mucosa (Figs 26, 27, 31 and 32) 

Without legal d to clinical history, ceitain conclusions may be 
diawn fiom the facts enumerated above 

1 Single and multiple chionic ulcers occur in the stomach 

2 Single and multiple chronic gastiic ulcers occur with all the 
chaiactenstics of simple ulcers plus the presence of caicinomatous 
cells m then boideis minus the piesence of similar cells in the bases 

3 Simple and multiple gastiic ulcers occur which present the 
macioccopic chaiactenstics of simple ulcer plus the presence of carci- 
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noma in the holders and bases, indeed, ■with glandular involvement 
and metastases 

The question for the clinician and the suigeon is not “Does gastrio 
caicinoma develop on gastric ulcers and what peicentage of ulcers 
become malignant^” hut “Has the proved association of gastiic car- 
cinoma with chronic gastiic iileei sufficient significance to be of prog- 
nostic value in cases clinically diagnosticated as gastiic ulcei 

The association of these two conditions in conjunction with the 
fact that the immediate operative mortality, the postopei ative mortality 
and the subsequent duration of life aftei gastric icsection bear a definite 
lelation to the extent of the eaicinomatous involvement should be 
sufficient to stimulate a consideiation on the part of eveiy physician of 
the possibilitv of chionic gastiic uleeis not only becoming but actually 
being carcinomatous 

The question of difi’erential diagnosis in such eases may also be 
answeied by facts the most salient of which is the fact that the differ- 
ential diagnosis is often to be made only by a cellular pathologist after 
the lemoval of the tissue and not by the clinician oi surgeon 

Do we know ot any method othei than exploration and microscopic 
examination which positively answers the question of whethei or not a 
specimen inside oi outside the body is caicinoma^ The clinical history, 
gastric analysis, roentgenoscopy and seium diagnosis cannot positively 
difteieiitiate these gioups of cases, especially those without pyloiic 
obstiiiction Indeed, the micioscope, ivhich is oui piesent highest court 
of appeal, can do no moie than to divide the specimens into three 
gioups, namely, simple ulcer gioup, carcinoma group and a doubtful 
group Whenever the clinician feels positive of the clinical diagnosis 
of chronic gastric ulcei he should considei that carcinoma can not be 
ruled by our present methods of clinical investigation 

1 MaeCarty and Blackfoid Involvement of Regional Lymphatic Glands in 
Carcinoma of the Stomach, Ann Surg, June, 1912 






Fig 3 (18088) — Low-power photograph thiough the smallest ulceration in 
Figures 1 and 2 The destiuction has not extended through the muscularis 
mucosae Some distoition of the glands and Ij'mphocytic infiltiation of the 
mucosa 



Fio- 4 (18088) — Low-pouer drawing through the nail and pait of the base 
of tlm ulcer second in size in Figuies 1 and 2 The destruction has extended 
thiough the musculaiis mucosae and into the submucosa There is extensive dis 
toition of the glands and also Ijmphocytic infiltration 
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Fig 5 (28173) — Single simple chronic gastric ulcer 

Fig G (28173) — Gross section through the ulcer in Figure 5 showing the 
depth and extensive scar tissue of the base The ulceration has extended through 
all of the gastric coats 
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Fig 7 (28173) — Lom - power drawing through the specimen in Figures 5 and b 
showing the charactei istics of a simple chronic gastiic ulcer Desti uction, dis- 
tortion of the mucosa, lymphocytic infiltration, necrosis of the tissue in the base, 
and the peculiar arrangement of the scar tissue in the base 
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Fig 10 Fig 11 

Figs 8, 9, 10 and 11 (37378 and 40640) — Photogiaplis showing simple chronic 
gastric ulceis 




Fig 12 (27381) — ^Lon po^^er drawing showing the charieteristics of a simple 
chionic gastiic ulcei 
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Pig 13 



Fig 14 


Figs 13 and 14 (49687) — Pliotogiaphs of a simple chronic gastric ulcer 
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Fig 15 



Fig 16 


Figs 15 and 16 (48401) — Loiv power photographs shoving the character of 
the glands of the mucosa in a simple chronic gastric ulcer The epithelium con 
sists of definitely differentiated cells which still retain the characteristics of the 
normal gastric epithelium 
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Fig 20 (53630) — Low power photograph through a simple chionic gastric 
ulcer 


•4 



Piw 21 (53630) ^Low-power photograph through the base of the ulcer m 

Figure 21 




Figs 22 23 24, 25, 2C md 27 (53G30) — Photograph of the epithelium in the mucosa of the hoi- 
deis of 1 cluonic gastric ulcer (Fig 20) The glands are more iriegular than those seen in Figures 15 
and IG Ihe cells are not so t\picall\ differen tilted as those in Figure IG, and still there is no defi- 
nite iin ision of the stroma The cells resemble many of those nhich are seen in carcinoma (Figs 
31 32 and 3G) 















220 


THE A1WHIVE8 OF INTERNAL MEDICINE 




Fig 29 


Figs 28 and 29 (35572) — Photographs through a chronic gastric ulcer 
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Fig 30 (35572) — Low-power photograph through the ulcer which is seen 
in Figuies 28 and 29 The characteristics of simple chronic gastric ulcer may be 
seen to exist There is no appaient caicinoma in the base 



Fig 31 Fig 32 

Figs 31 and 32 (35572) — Pliotographs of undifferentiated, iiregulai epithelial 
cells in the submucosa just below the musculans mucosae The cells are typical 
of caicinoma 
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Pigs 33 and 34 {2155S) — Photographs of chronic gastric ulcers 
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Fig 35 (21555) — Low power drawing through the border and pait of the base 
of the ulcei, shoAMng the presence of carcinoma in the mucosa and ]ust below 
the mucosa, but none in the base Diiect connection between the glands of the 
mucosa and the carcinoma may be seen 
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Fig 36 


Fig 37 


Fig 36 (21555) — High-power drawing thiough an epithelial carcinomatous 
island in the snbmucosa of the gastric ulcei in Figs 33 and 34 

Fig 37 (21882) — Chionic gastiic ulcer plus the piesence of caieinoma 
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Fig 38 (21882) — Gross section through the carcinomatous ulcer nhich is 


seen in Figure 37 


THE HOH-PEOTEIH HITROGrElsrOUS COHSTITUEHTS OP 
THE BLOOD IH CHEONIC VASCULAE HEPHEITIS 
(AETEEIOSCLEEOSIS) AS IHPLHEHCED 
BY THE LEVEL OP PEOTEIH 
METABOLISM 

OTTO FOLIN, PhD, W DENIS, PhD, and MALCOLM SEYMOUE, MD 

BosaoN 

By viitue of the analytical technic recently introduced by Polin and 
Denib foi the analysis of blood it has become possible to study the reten- 
tion of nitiogenous waste products with fai greater ease and certainty 
than foimeily Such studies are particularly to he desiied in the investi- 
gation of nephritis, for urine analyses cannot reveal the stage of accumu- 
lation of such products, an accumulation which may vary between almost 
normal figures and those accompanying uiemia According to Stiauss, 
the high blood-piessure of nephritis is usually or at least frequently 
accompanied by an excessive accumulation of the nitrogenous waste 
products, whereas edema is lather associated with a retention of chlorids 
For the investigation reported m this papei we have selected a group of 
patients whose blood-pressure vaiied between 160 and 225 mm 

The chief purpose of our investigation was to determine the extent to 
which it is possible by means of diets to vary, particularly to reduce, the 
waste nitrogen in the blood of such nephritis and incidentally determine 
whether there is any relationship between the blood-pressure and the 
accumulations of nitrogenous waste products in the blood "With regard 
to the lattei point, the details of our lesults will be described by one of 
us (Seymour) in a separate paper, though a few figures for the blood- 
pre'^suie are recorded in Tables 1 to 12 We have included in the work a 
senes of "kidney efficiency” tests, according to the phenolsulphone- 
phthalein method recentlv introduced by Eowntiee and Geraghty, in 
Older to obtain further comparisons between the values given by that 
test and the actual accumulation as levealed by blood analyses VHiile 
hospital records weie kept of the diet of each patient, we omit all such 
data and give the urinaiy nitrogen alone as the index of the total protein 
metabolism The subjects of these expeiiments were inmates of an 
institution maintained on Long Island, Boston Harbor, by the city of 
Boston fo’ the accommodation of indigent individuals They were 

* From the Laboratoiies of Biologic Chemistry and Theory and Practice of 
Harvard IMedical School and the Long Island Hospital 

* Submitted for publication Oct 6, 1913 
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elected mainly on the basis of abnormally high blood-pressures, and 
vere removed from the institute and placed in a special ward in the 
jong Island Hospital. 

With the exception of Charles M , all of these patients were allowed 
0 be out of bed during the day , but in order to control the collection of 
nine and the diets, they weie not permitted to leave their own ward, 
ixcept to go on an adjoining veranda The patients were under the 
;onstant supervision of a special nurse and orderly, who were placed at 
)ur disposal for this purpose by the hospital authorities 

It was oiiginally our mtention to divide the time covered by the 
experiment into three periods (1) a period in which the patients would 
)e allowed to eat at will the ordinary ward diet, (2) a period of high 
iiotein feeding, (3) a peiiod of low piotein diet with high calorific 
ntake The diets proposed for the first and third periods were success- 
;ully administeied, but during the period of high protein feeding we 
vere, as will be seen on examination of the figures for urinary nitrogen, 
inable to laise the piotem metabolism to a very high level This failure 
vas due to the nausea and vomitiug which occurred in many cases during 
hat pait of the experiments 

During the second or "high protein” period beside the administration 
)f a liberal supply of meat and eggs at the three regular meals, two to 
-hree egg-nogs daily were given between meals 

Duiing the thud or low protein period the diet consisted of apple- 
.apioca pudding, boiled or fiied nee, boiled potatoes with buttei, fruit 
(oranges, apples and stewed pears) and boiled cabbage In addition, 
iuiing this period, each patient took daily 350 to 200 gm of airowroot 
starch, which had been lendered soluble with diastase This soluble 
starch was seived hot, flavored with fruit juice or with a little port wine 
31 whisky 

During the entire experiment smoking was allowed, and coffee was 
seived three times daily 

The crucial point which we set out to deteimme, namely, whether by 
low nitrogen diets it is possible to reduce the urea and total non-protein 
nitiogen of blood to the normal or less is abundantly proven by the 
tabular records of the preceding twelve nephritic patients In every case 
the figures for the retention nitrogen obtained at the end of the third 
period, the low protein period, are down substantially to the figures 
obtained from strictly normal persons (from 22 to 28 mg non-protein 
nitiogen and from 11 to 14 mg urea nitrogen) 

The original level of retention was, to be sure, not very high in several 
of these patients The patients had been selected chiefly on the basis of 
the blood-pressure, and high blood-pressure is not necessarily accom- 
panied bj excessive retention of nitiogenous waste products Judging 
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TEE ARGHIYES OP mTEREAL MEDICINE 


TABLE 1 — ^Result of Test in Case 1 


Daniel B, aged 60, weight 63 5 kg Diagnosis Aortic roughening and regurgitation, 
chronic interstitial nephritis 


Diet 

Date 

Urine 

Blood (100 gm ) 

Phenol 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Bleod- 

Piessuie 

Vol 
c c 

Nitrogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 

960 

97 




26 

175 

Ward 

4/11/13 

1,080 

99 






Ward 

4/12/13 

930 

9 7 






Ward 

4/13/13 

1,020 

9 2 






Ward 

4/14/13 

1,050 

84 

40 

18 

1 9 

22 

145 

High protein 

4/16/13 

1,020 

89 





160 

High protein 

4/17/13 

1,080 

10 3 






High protein 

4/18/13 

1,140 

12 6 




38 


High protein 

4/20/13 

1,560 

112 






High protein 

4/21/13 

1,020 

97 

40 

20 

27 

26 

155 

Low protein 

4/23/13 

1,020 

79 





140 

Low protein 

4/24/13 

1,050 

115 






Low protein 

4/25/13 

1,080 

55 






Low protein 

4/26/13 

1,080 

35 






Low protein 

4/27/13 

1,200 

27 

21 

11 

25 

45 

170 

Average 







31 6 



TABLE 2 — Result of Test in Case 2 


Thos H M , aged 57, weight 80 5 kg Diagnosis Chronic interstitial nephritis, hyper 
trophy of heart, arteriosclerosis 


Diet 

1 

Date 

Urine 

Blood ( 100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 His 
Pei Cent | 

Blood- 

Pressuie 

Vol 
c c 

Nitrogen 

g™ 

Non 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 

960 

84 



m 


ISO 

Ward 

4/11/13 

450 

5 1 






Ward 

4/12/13 

780 

74 






Ward 

4/13/13 

1,080 

84 






Ward 

4/14/13 1 

1,140 

80 

44 

26 


12 

190 

High protein 

4/16/13 

900 

75 



■■ 

1 

185 

High protein 

4/17/13 

1,020 

8 1 






High protein 

4/18/13 

1,140 

84 




22 


High protein 

4/20/13 

1,620 

12 4 






High protein 

4/21/13 

1,560 

15 0 

44 

24 

liBi 

36 

160 

Low protein ] 

4/23/13 1 

1,440 1 

9 8 





190 

Low protein 

4/24/13 

900 

6 0 





i 

Low protein 

4/25/13 

1,500 

6 0 






Low protein 

4/26/13 1 

1,200 j 

4 4 






Low protein 

4/27/13 

1,030 ’ 

42 

19 

10 


35 

9 

208 

Average 

1 

1 





■1 
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TABLE 3— Kestot of Test in Case 3 

William McG , aged 71, weight 67 5 kg Diagnosis Arteriosclerosis, chronic emphysema, 


chronic interstitial nephritis 


Diet 

Date 

Urine 

. _ 

Blood (100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Blood- 

Pressure 

Vol 
c c 

Nitrogen 

gm 

1 \ 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

1 4/ 9/13 

1 900 

1 

70 



• 


160 

Ward 

4/11/13 

510 

5 1 






Ward 

4/12/13 

900 

90 



i 

i 

1 


Ward 

4/13/13 

1,020 

75 




1 


Ward 

4/14/13 

1,350 

7 8 ’ 

38 

20 

22 

34 

160 

High protein 

4/16/13 

1,020 

92 






Hich protein 

4/17/13 

905 

82 






High protein 

4/18/13 j 

1,020 i 

10 8 




29 


High protein 

4/20/13 ' 

1,380 ' 

113 






High protein 

4/21/13 j 

1,080 

10 6 

37 

20 

23 

34 

160 

Low protein ] 

4/23/13 

1,920 

74 

i 

1 




145 

Low protein 

4/24/13 

900 

90 

j 





Low protein 

4/25/13 

1,440 

53 






Low protein ' 

4/26/13 i 

1,600 ! 







Low protein 

4/27/13 

1,260 


23 

11 

20 

37 

168 

Average 







33 5 



TABLE 4 — ^REsm-T OF Test in Case 4 


Timothy, W C , aged 71, weight 91 5 kg Diagnosis Right inguinal hernia, arterio- 
sclerosis, senility, chronic interstitial nephritis 


Diet 

Date 

Urine 

Blood (100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Blood- 

Pressure- 

Vol 
c c 

Nitrogen 

gm 

Non- 

Nitrogen 

Protein 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 







175 

Ward 

Km inKfl 

670 

64 






Ward 

Em SJlKa 

1,660 

112 






Ward 

KM oSHl 

1,230 

88 






Ward 

4/14/13 


12 0 

49 

25 

26 


170 

High protein 

4/16/13 

1,660 

10 1 





142 

High protein 

4/17/13 

1,440 

13 7 






High protein 

4/18/13 

1,560 

14 8 




31 


High protein 

4/20/13 


16 2 






High protein 

4/21/13 

: 1,440 

18 7 

48 

23 

26 

39 

166 

Low protein 

4/23/13 

■in : n 

87 





140 

Low protein 

4/24/13 

Bn ; n 

10 4 






Low protein 

4/25/13 

BKun 

65 






Low protein 

4/26/13 

1,980 

59 






Low protein 

4/27/13 


52 

22 

10 

18 

50 

158 

Average 







46 6 
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TABLE 6 — ^Result op Test in Case 6 


Nathan, D L, aged 81, weight 78 6 kg Diagnosis Arteriosclerosis, senility, cardiac 
hypertrophy, chionic interstitial nephritis 


Diet 

Date 

Uiine 

Blood (100 gm 

) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Blood- 
Pi essure 

Vol 
c c 

Nitiogen 

gm 

Non 

Protein 

Nitrogen 

mg 

Uiea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 

1,290 

78 





210 

Ward 

4/11/13 

600 

57 






Ward 

4/12/13 

1,110 

78 






Ward 

4/13/13 

1,140 

85 






Ward 

4/14/13 

1,590 

12 2 

60 

28 j 

27 

14 


High protein 

4/16/13 

1,260 

84 






High protein 

4/17/13 

990 

85 






High protein 

4/18/13 

1,200 j 

12 0 1 




20 


High protein 

4/20/13 

1,440 







High protein 

4/21/13 

1,050 


58 

40 

33 

17 

235 

Low protein 

4/23/13 

1,440 

67 





170 

Low protein 

4/24/13 

1,080 

69 





1 

Low protein 

4/25/13 

960 

45 






Low protein 

4/26/13 

1,500 

57 






Low protein 

4/27/13 

1,920 

43 

23 

12 

20 

28 

203 

Average 







19 8 



TABLE 6 — Result of Test in Case 6 

Mai tin, T D, aged 54, weight 716 kg Diagnosis Arteriosclerosis, chronic interstitial 
nephritis 




Urine 

Blood (100 gm ) 

Phenol- 

sulphone- 


Diet 

Date 

Vol 
c c 

Nitrogen 

gm 

Non- 

Protein 

Nitiogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

1 1 

phthalein 
Excretion 
in 2 Hrs 
Per Cent 

1 

Pressui e 
Blood- 

1 


Ward 

Ward 

Ward 

Ward 

Ward 

High protein 
High protein 
High protein 
High protein 
High protein 
Low protein 
Low protein 
Low protein 
Low protein 
Low protein 
Average 


4/ 9/13 
4/11/13 
4/12/13 
4/13/13 
4/14/13 
4/16/13 
4/17/13 
4/18/13 
4/20/13 
4/21/13 
4/23/13 
4/24/13 
4/25/13 
4/26/13 
4/27/13 


1,260 

1,050 

930 

1,530 

1,710 

1,020 

1,500 

1,260 

2,040 

1,620 

1,320 

1,200 

1,500 

1,560 

1,560 


11 1 
10 5 
64 
78 
87 
83 

13 1 
96 

14 1 
13 6 

85 
77 
6 1 
56 
4 8 


39 


62 


30 


18 


46 


15 


30 


39 


27 


35 

235 

33 

187 


200 

23 


30 

180 


160 

29 

190 

30 
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TABLE 7— Eestjlt op Test in Case 7 


Edward E, aged 74, weight 69 5 kg Diagnosis Inguinal hernia, aiteiioscleiosis, chionic 
interstitial nephritis 


Diet 

1 

1 

Date 

Urine 

Blood ( 100 gm ) 

Phenol- 

sulphone- 

phthalein 

Excretion 

in2Hrs 

1 Per Cent 

Blood- 

Pressuie 

Vol 
c c 

Nitrogen 

gin 

Non- 

Protein 

Nitrogen 

mg 

Urea 
Niti ogen 
mg 

Uric 

Acid 

mg 

Ward ! 

] 

4/ 9/13 

1,260 

1 

74 



i 


225 

Ward 

4/11/13 

840 

68 

i 

1 




Ward 

4/12/13 

1,410 

94 






Ward ' 

4/13/13 

1,350 

10 3 




1 


Ward 

4/14/13 

1,250 

98 

50 

28 

22 

21 

190 

High protein 

4/16/13 

1,380 

91 

1 

1 

1 

1 

200 

High protein 

4/17/13 

1,140 

95 






High protein 

4/18/13 

1,860 

115 




29 ^ 


High protein 

4/20/13 I 

1,920 1 


82 1 





High protein 

4/21/13 1 

1,380 ' 



67 

39 ] 

26 

180 

Low protein 

4/23/13 

1,500 






190 

Low piotein 

4/24/13 

1,440 







Low protein 

4/26/13 1 

1,660 

49 1 

1 

1 




Low protein 

4/26/13 

1,080 

3 3 






Low protein 

4/27/13 

900 

19 

26 1 

12 i 

23 

35 

190 

Average 

i 




1 

1 

! 

28 



TABLE 8 — ^Eeselt op Test in Case 8 


Michael O’C , aged 66, weight 90 5 kg Diagnosis Arteriosclei osis, chronic emphysema, 
cardiac hypertrophy, chronic interstitial nephritis 


Diet 

Date 

Urine 

Blood ( 100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Pressure 

Blood- 

Vol 
c c 

Nitiogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Ui 1C 
Acid 
mg 

Ward 

4/ 9/13 

1 110 






195 

Ward 

4/11/13 

720 

67 






Ward 

4/12/13 

1,050 

114 






Waid 

4/13/13 

1,260 

99 






Ward 

4/14/13 

1,170 

11 1 

28 

14 

2 5 

34 

198 

High protein 

4/16/13 

1,440 

11 1 





240 

High protein 

4/17/13 

1,380 

11 3 






High protein 

4/18/13 

1,020' 





23 


High protein 


1,446 

14 4 






High protein 

4/21/13 

1,680 

15 3 

30 

15 

25 


210 

Low protein 

4/23/13 

1,080 

10 8 





180 

Low protein 

4/24/13 

1,320 

10 9 






Low protein 

4/25/13 

1,440 

63 






Low protein 

4/26/13 

1 020 

24 






Lon protein 

4/27/13 

1,500 

38 

20 

11 

26 

SO 

150 

Average 







29 
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TABLE 9 — EESinL,T of Test in Case 9 


William T W, aged 69, weight 70 5 kg Diagnosis Left hemiplegia, mitral reguigita- 
tion and aoitic roughening, chronic interstitial nephiitis, arteriosclerosis 


Diet 

Date 

Urine 

Blood (100 gm ) 

Phenol- 
sulphone 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Blood- 

Pressura 

Vol 
c c 

Nitrogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 


48 





175 

Ward 

4/11/13 


5 1 






Ward 

4/12/13 

1 1.050 

54 






Ward 

4/13/13 

Hli ! n 

98 






Ward 

4/14/13 

Bl 1 1 SI 

74 

27 

14 

26 


170 

High protein 

4/16/13 

Bj StSi 

70 





172 

High protein 

4/17/13 

H S : SI 

9 6 






High protein 

4/18/13 






26 


High protein 

4/20/13 

Bl > i 9 

13 0 






High protein 

4/21/13 



30 

16 

28 

31 

140 

Low protein 

4/23/13 







160 

Low protein 

4/24/13 


78 






Low protein 

4/25/13 


3 5 






Low protein 

4/26/13 


26 






Low protein 

4/27/13 


3 3 

20 

11 

23 

24 

190 

Aveiage 







27 



TABLE 10 — Result of Tfst in Case 10 


John DeW, aged 82, weight 80 kg Diagnosis Cardiac hypertrophy, aiieriosclerosis, 
chronic interstitial nephritis 


Diet 


Ward 

Ward 

Ward 

Ward 

Ward 

High protein 
High protein 
High protein 
High protein 
High protein 
Low protein 
Low protein 
Low protein 
Low protein 
Low protein 
Average 


Date 

Urine 

Blood (100 gm ) 

Phenol- 
sulphone 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

B 

Nitrogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

4/ 9/13 

M 

73 




23 

4/11/13 

mm 

58 





4/12/13 


64 





4/13/13 

1;110 

92 





4/14/13 

1,470 

79 

30 

15 

25 


4/16/13 

1,020 

82 





4/17/13 

1,200 

12 0 





4/18/13 

960 

12 5 




16 

4/20/13 

2,040 

101 





4/21/13 

■Klin 

19 6 

30 

15 

3 0 

18 

4/23/13 

BiQpS]l 






4/24/13 

BiCkSB 






4/25/13 

1 440 






4/26/13 


47 





4/27/13 


34 

19 

10 


20 

28 


Blood- 

Pressure 


170 


160 

154 


145 

135 


140 
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TABLE 11 — Kesult of Test in Case 11 

Frank M , aged 72, weight 89 5 kg Diagnosis Arteriosclerosis, cardiac hypertrophy, 
chronic interstitial nephritis 


Diet 

Date 

Urine 

Blood ( 100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Blood- 

Pressure 

Vol 
c c 

Nitrogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward • 

4/ 9/13 

1,110 ■ 

16 0 





225 

Ward 

4/11/13 

670 

56 






Ward j 

4/12/13 

1,050 j 

1 85 






Waid 

4/13/13 

1,560 

95 






Ward 

4/14/13 1 

2,040 

96 

30 


26 

29 1 

190 

High protein 

^16/13 I 

1,440 

11 5 





220 

High protein 

4/17/13 

1,660 

12 3 






High protein 

4/18/13 

1,660 

14 2 

] 



27 


High protein 

4/20/13 

1,560 

13 0 




1 


High protein 

4/21/13 

1,920 

14 8 

32 


28 1 

39 

200 

Low protein 

4/23/13 

1,020 1 

70 





180 

Low protein 

4/24/13 

1,440 i 

75 



i 



Low protein 

4/25/13 

1,680 

48 

I 


i 



Low protein 

4/26/13 

1,620 

46 



1 



Low protein 

4/27/13 

2,100 

42 

19 


20 

33 

200 

Average 

1 







1 32 

! 1 



TABLE 12 — ^Result of Test in Case 12 

Chas McL , aged 63, weight 90 5 kg Diagnosis Cardiac hypertrophy, arteriosclerosis, 
cluonic interstitial nephritis 


Diet 

Date 

Urine 

Blood (100 gm ) 

Phenol- 
sulphone- 
phthalein 
Excretion 
in 2 Hrs 
Per Cent 

Pressure 

Blood- 

c c 
Vol 

Nitrogen 

gm 

Non- 

Protein 

Nitrogen 

mg 

Urea 

Nitrogen 

mg 

Uric 

Acid 

mg 

Ward 

4/ 9/13 

nm 

13 9 





150 

Ward 

4/11/13 

■K ! 

10 5 






Ward 

4/12/13 

* A 

11 1 






Ward 

4/13/13 

Bk! A 

9 3 






Wald 

4/14/13 

Bk 1 A 

9 5 

30 

14 

30 

13 

160 

High protein 

4/16/13 

BM 1 A 

9 9 





139 

High protein 

4/17/13 

s A 

12 2 






High protein 

4/18/13 

BH ! 

15 5 




45 


High protein 

4/20/13 

Bn ' A 

18 3 

37 

20 

29 

33 

140 

Low protein 

4/23/13 

! A 

12 5 






Low protein 

4/24/13 

HK : A 

84 






Low protein 

4/25/13 

KK [ A 

62 






Low protein 

4/26/13 

! A 

46 






Low protein 

4/27/13 

Bfi t A 

34 

20 

11 

21 

28 

140 

Aveiage 







29 7 
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TEB ARCHIVES OF INTERNAL MEDICINE 


from our figuies, theie cleaily is no marked connection between the 
blood-piessure and the degiee of retention, indeed, it is doubtful wlietbei 
there is any connection A high blood-pressuie, therefoie, does not 
necessaiilv indicate the desirability of introducing low nitiogen diets in 
nephritis So far as can be seen at the present time, the only ciiterion 
available for regulating the protein content of the food in nephiitis is 
the determination of the amount of retention by blood analysis Five of 
the twelve patients (the last five) used in oui experiments showed little 
or no abnormal retention of waste nitrogen, and theie is no reason to 
doubt that these could take care of the protein contained in the usual 
hospital diet 

So far as the plienolsulphonephthalein test for the kidney efficiency 
IS concerned, it is to be noted that there is no correspondence between 
the results of this test and the degree of waste nitrogen retention Since 
it IS possible to inciease or reduce the retention by protein feeding one 
cannot expect any close agreement between it and the phenolsulphone- 
phthalein test The lack of correspondence is, however, probably not to 
be explained entirely on the basis of different levels of total protein 
metabolism 

In Table 13 we give the nitrogen elimination, the non-protein 
nitrogen and the phenolsulphoneplithalein excretion — all in terms of 
the average for the first two periods of the expeiiments 

TABLE 13 — Avebage in Cases 1 to 12 op Ubinabt Nitbogex, NorrPBOTEiN 
Nitrogen and Phenolsulphonephthalein Excretion* 


Case 

Urine 

Nitrogen 

gm 

Blood 

Non-Protein 
Nitrogen, mg 

Phenolsulphone 
phthalein Excretion 
Per Cent 

9 

SO 

28 5 

27 0 

3 

8 7 

37 5 

33 5 

2 

89 

44 0 

26 2 

5 

92 

54 0 

' 19 8 

7 

97 

61 0 

28 0 

1 

9 8 

40 0 

31 6 

6 

10 3 

50 5 

30 0 

10 

! 10 9 

30 0 

28 0 

8 

1 110 

29 0 

29 0 

11 

11 4 

31 0 

29 5 

12 

12 3 

33 5 

29 7 

4 

14 3 

48 5 

46 6 


* Average for first two periods arranged according to urinaiy nitiogen 


If 60 to 80 pel cent be taken as the normal elimination of 6 mg of 
phenolsulphonephthalein excretion when injected intramuscularly it is 
clear that this elimination can be reduced by one-half or more before 
there need be any 'abnormal accumulation of waste nitrogen in the blood 



TABLE 14 — ^Result of Blood Tests in Cases 13 to 18 


Phenol- 
sulphone- 
phthalein 
Excretion 
Per Cent 
in 2 Hrs 

: 8 

54 

1 

i 

32 

30 

25 

6 

. Blood 

Low Piotein Diet 

Uric 

Acid 

mg 

1 

1 

1 

! 

24 

20 

2 1 

0 

§ O^bD 

1 

16 

1 

16 

11 

1 

20 

R 

g ® o IP 

il 2-12 S 

1 

36 

i 

1 

30 

23 

44 

High Protein Diet 

pla 

lo ic Oi O rH l£5 

CO 03 t-1 03 03 03 

Urea 

Nitrogen 

mg 

109 

41 

40 

25 

55 

52 

62 

Non- 
I Protem 

I Nitrogen 

1 mg 

^ CO Cl C5 o 

CO eo to t- CO 

r-t ++ 

Ward Diet 

Uric 

Acid 

mg 

35 1 

1 

25 

1 

2 1 

1 

1 9 

26 

1 

1 

1 

20 

Urea 

Nitrogen 

1 mg 

O Ci O 

W CO CO rH 1 

Non- 

Protein 

Nitrogen 

mg 

1 

CSl (M O lO CO 

Cl US CS CO US 

Diagnosis 

1 

Chi inter- 
stitial ueph 
Chr inter- 
stitial neph 
Chr inter- 
stitial neph , 
aoitic rough- 
e n 1 n g, 
aneurysm of 
aich 

Chr inter- 
stitial neph 
cardiac 
hypertrophy, 
aoitic rougli- 
! e n 1 n g, 
miti al regur- 
gitation 

1 Chr 1 n t e 1 - 
stitial neph , 
epilepsy 

Chr inter- 
stitial neph 
albuminui ic 
r e 1 1 n 1 tis, 
alcoholic 

1 

Age 

! 

CO lO O 1— f 

O CO CO CO CO 

O 

g 

[ *Patuck M 

1 MaryK 0 

Hannah J 

Mary K 
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* TIus patient died in “uremia” while on high piotem diet two day^ after last sample of blood was taken 

I This patient was confined to bed dnrin" almost the whole period of experiment Urinary nitrogen determinations made March 4 to 
Apiil 4 showed nitrogen excietion varied from 22 to 15 gm in twen ty-four hours Went on low protein diet, as given in first twelve 
cases, April 23 During a five day period nitrogen excretion average in twenty-four hours was 5 gm 
J Taken one week apart 
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It would seem from these results as though the direct determination of 
the non-protem nitrogen (and urea) in the blood furnishes a more 
reliable guide to what might be called the protein toleiance of patients 
than can he obtained from any “direct” test of kidney efficiency, for of 
all tests yet devised for this purpose the phenolsulphonephthalein test of 
Eowntree and Geraghty is admittedly the best 

In addition to the preceding experiments we have made a number of 
others which are less complete, but from which some noteworthy observa- 
tions weie obtained These expeiiments were made before the series 
shown in Tables 1 to 13, and while in every case collections of urine 
were made it was suspected that m a numbei of instances the whole 
twenty-four-houi amount had not been saved We, therefore, have not 
included our determmations of urinary nitrogen, but have been forced 
to rely on the dietary records kept by the nurses in charge 

As in the preceding experiments, eggs and meat were used in liberal 
amounts during the peiiods of high protein feeding In the low protein 
periods, howevei, the patients were fed on cereals, bread and butter, 
vegetables and a little milk The soluble starch employed so extensively 
m our later experiments was not used, so that in some eases it is to be 
feared that the calorific intake was too low 



TJEOBILIN ITS CLINICAL SIGNIFICANCE 


EAY LYMAN WILBUR, ML, and THOMAS ADDIS, MD 

SAN niANCISCO 
I INTRODUOTION 

The nuinerous studies made on urobilin and urobilinogen duiing tlie 
forty-four years since its discovery by Jaffe, while adding much to our 
knowledge of its chemistry and its clinical occurrence, still leave much 
to be desired as to methods for its estimation and as to its clinical signifi- 
cance Some investigators are mclined to look on it still from the point 
of view of hemoglobin metabolism, while others consider it only in 
leference to hepatic insufficiency Its relationship to the presence or 
absence of bile in the intestine has been a subject of considerable dispute, 
but in the main the contention of Friedrich von Muller, that it can 
originate only from the bacterial decomposition of bile reaching the 
intestine, is accepted Neveitheless, the assertion of Fischlei, that it can 
originate in the liver itself, seems to us probable Whether it is then 
formed within the liver cell oi is produced by decomposition of bilirubin 
m the biliary passages, it is impossible to state. A wide variability in 
point of view is reflected throughout the available literature It has been 
oui intention in entering on a study of this substance to endeavor to 
estimate its present value as an aid m diagnosis and prognosis, and we 
must frankly admit that it has been disappointing in some particulars, 
owing largely, perhaps, to the imperfections of the present methods of 
its estimation, and to its evident instability Besides, when such variable 
factors as the bacterial fermentations within the intestine, the absorption 
from it, the activity of the liver, the elimination of bile, the eliminative 
powei of the kidney, the rate of destruction of the red blood-corpuscles, 
the activity of the spleen, etc , have to be taken into account, it is not 
sui prising that difficulty should aiise in interpreting findings and in 
coil elating the diverse views of many investigators and clinicians 

The mterestmg spectroscopic fluorescent and color tests for urobilin 
and its mother substance urobilinogen and their common occurrence in 
the body excretions, especially in disease, naturally stimulated much 
research as to their composition and origin and many climcal observa- 
tions as to their significance The Ehrlich aldehyd test, shown by 

* Submitted for publication July 1, 1913 
From the Laboratory of Experimental Medicine, Leland Stanford Junior 
University, Department of ^ledicine 
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JTeubaiier to be due to urobilmogen, leceived paiticular attention Tbe 
method of estimation with Citron’s or othei simple spectroscope of the 
nrobilin and urobilinogen together proved with us to be fairly simple 
and to lend itself readily to approximate quantitative studies based on 
the disappearance of -the characteristic absorption bands between D and 
E, and B and E, with successive dilutions 

The term ^^urobilin” is not applied to a single body, but to a group 
of derivatives of blood and bile pigments containing the pyrrol nucleus 
Throughout our work we have considered urobilin and its mother sub- 
stance urobilinogen as practically the same, and have endeavored always 
to estimate them together in making clinical and experimental observa- 
tions The confusion between the two and the lack of a generally 
accepted theory of the origin of these substances is the cause of the 
present stiiking lack of uniformity in the interpretation of clinical and 
laboratory results 

The most prominent of the various theories as to the oiigin of uio- 
bilin are the hematogenous, the hepatogenous, the nephrogenous, the 
histogenic and the enterogenous The latter is undoubtedly the most 
satisfactory, although it does not fully explain the origin of all urobilin 
within the body, for instance, that of some hepatic disordeis (Fisehler) 
and some cases of blood destruction and extravasation In brief these 
theories are as follows 

Hematogenous Theoiy — This theory is that the urobilin can be but 
is not necessarily, deiived directly from blood pigment It is based on 
the somewhat uncertain evidence of the long-known occurrence of 
UTobilinuria in hemorrhage of the brain (von Bergmann), in blood 
extravasations (Kunkel), in extra-uterine pregnancy (Dick), in hemor- 
rhagic ascites (such as the famous case of Gerhardt, in which there was 
also a carcmomatous closure of the ductus choledoehus), after hemoov- 
tolytic processes, m sulphonal poisoning, in paroxysmal hemoglobinuria 
and in =eurvy While it is true that there is the possibility in many of 
these reported clinical observations of the existence of definite hepatic 
disturbance, still there is enough experimental evidence to warrant the 
assertion that at times urobilin can be derived directly from blood 
pigment without the intervention of either the liver or the intestine 

Hepatogenous Theory — The prmcipal tenet of this unsatisfactory 
theory is that there is failure on the part of the liver m its normal 
decomposition of hemoglobin, and that as a result of this msufficiency 
urobilin is formed and reaches the kidney through the blood-stream and 
IS there eliminated, or is added to the intestinal contents by the bile A 
somewhat strict interpretation of this theory is that there is a direct 
formation of urobilin withm the liver cell, or at least within the bile 
passages from the bile pigment 
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Nepliiogenous Theoiy. — ^In brief, tbis is based on the fact that nio- 
bilm as such is very raiely found in the blood, and that it reaches the 
kidney in the form of bilirubin, 'vrhich is reduced to urobilinogen in its 
passage through the renal epithelium Herscher states that kidney sub- 
stance can reduce bilirubin, but surviving kidneys with bilirubin circu- 
lating in their blood seciete no urobilmogen, but only biliiubin in the 
collected urine The principal argument against this theory is that 
uiobilm does not occur in many eases of jaundice 

Histogemc Theory — ^This theory that hemoglobin or bile pigments 
are reduced in the tissues to urobilin and then reabsorbed and eliminated, 
offers an insufficient esplanation of the various known phenomena 
Enterogenous Theory (Fnedrich von Muller) — ^While not meeting 
all conditions, this theory is based on the explanation of the established 
facts of uiobilm formation In brief, it is based on the finding that bile 
pigment reaching the intestinal lumen undergoes a change into urobi- 
linogen and urobilin caused by bacterial decomposition It may then be 
absorbed into the capillaries of the portal system and so reach the liver 
parenchyma If the liver is normal the major portion of the urobilin is 
bioken up oi synthesized to bile or blood pigment A portion may be 
secreted in the bile and eo be returned to the intestinal lumen to be 
reabsorbed oi passed off with the stool When the liver parenchyma is 
damaged, these changes in the urobilin may not take place, but it passes 
on into the general circulation It reaches the kidney through the blood 
and IS eliminated in the urine This theoiy is prmcipaUy sustained by 
tlie absence of urobilin in the urine in any quantity in cases of obstruc- 
tion of the common duct 

We shall not stop foi a complete discussion of these theories, since 
points of view vary, and there is no common agreement at present 
We can safely assume that as a rule the presence of urobilinuna is 
indicative of the fact that bile is reaching the intestine, and that 
large amounts of urobilin in the urine usually mean that there has 
been either abnoimal destruction of red blood-corpuscles, or an insuffi- 
cienc} of the liver to perform its normal functions A large amount 
of uiobilm in the stool indicates increased blood destruction Uro- 
bilinuiia frequently disappears in severe diarrhea Although uiobilm 
is uoimally present m the mine in small quantities, its presence 
cannot be ascertamed by the ordinary qualitative tests — a positive reac- 
tion with Schlesinger’s zme acetate or Ehrlich’s aidehyd test is not 
found 111 noimal urine It is increased in many pathological condition's 
It is commonly increased in infectious diseases, m diseases in which 
theie is vide-spread hemorrhage, traumatic or otherwise, in pernicious 
anemia, malaria, cardiac decompensation, various forms of liver and 
gall-passage disease, and m numerous intoxications such as those due to 
alcohol, chloroform, lead and carbon monoxid 
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II SUMMARY OF QUANTITATIVE METHODS FOR UROBILIN 

ESTIMATION 

Following IS a snmmaiy of only the most essential points of the 
methods which have been nsed 

' Almost all the work done has been ^\lth the urine The methods may be 
divided loughly into those requiring a separation of the urobilin from the urine 
bj^ means of piecipitation with ammonium sulphate, secondly, those depending 
on the spectroscopic absorption hands of uiobilin, and thirdly, those based on 
the property of liuoiescence and lastly coloiimetric methods depending on the 
violet color produced by copper sulphate in urobilin solutions 

1 Methods Involving Salting out of Uiobilin by Means of Ammonium 
Sulphate — Hoppe Seyler in 1891 estimated urobilin in uiine gravimetrically 
The acidified urine was saturated with ammonium sulphate, and the precipitate 
e\ti acted with chloroform and alcohol The solution was evapoiated, the resi 
due dissolved in ether, filtered and evaporated, and the lesidue dissolved in 
alcohol, evaporated and weighed 

Viglezio in the same year recommended a method which depended on the salt 
mg out of the uiobilin with ammonium sulphate and its solution in alcohol 
'I he amount was gaged by noting how much of this solution was required to pro 
duce a certain grade of fluorescence or the appearance of the spectroscopic absorp 
tion bands, when it was added to a solution of zinc chlorid 

Studenski added coppei sulphate to the urine, precipitated with ammonium 
sulphate and dissolved the copper compound of urobilin in chloroform This 
color was compared with that produced by copper sulphate in a solution of 
urobilin of known strength 

Ladage recognized the necessity of taking the urobilinogen into account and 
leeommended that lodin should be added to convert it to urobilin The urobilin 
was then precipitated by saturation of the urine with ammonium sulphate, and 
the acid chloroform solution diluted until the spectroscopic absorption became 
invisible In Pr Muller and Huppert’s method a mixture of baiium chloiid 
and barium h3drate is added to the urine, and the piecipitate is filtered off and 
washed with hot water The excess of barium in the filtrate is removed bj 
sodium sulphate, and the filtrate aftei neutralization with sulphuric acid is 
saturated with ammonium sulphate The precipitated urobilin is filtered ofi, 
allowed to dry in the air and extracted three times after acidification with a 
warm mixture of alcohol and ether This solution is then evaporated to a con 
venient bulk and the amount of urobilin estimated spectiophotometncally 

Charnas in 1909 gave us an alternative method to one based on the spectio 
scopic characteristics of urobilin, a giavimetnc method in which after all uro 
bilmogen in an ether extract of the urine has been conveited into urobilin by 
exposure to sunlight, the uiobilin is separated by water from the ethei, and 
after filtration precipitated by ammonium sulphate, dried, dissolved in alcohol 
the alcohol evaporated in vacuo and the residue weighed 

2 Speoti oscopio Methods — Gerhardt (1889) and Beck (1895) made estima- 
tions by means of the spectrophotometer using Vieroidt’s tables of the grade of 
light extinction in diffeient regions of the spectroscope in normal urine and solu- 
tions of urobilin 

Saillet (1897) extracted the fieshlv passed urine vith acetic ethei In 
another specimen the uiobilmogen was converted into uiobilin by exposure to 
light and then extracted The two extracts are added together and diluted until 
the spectroscopic band disappears 

Conner and Koper (1908) made approximate measuiements of the amount 
of urobilin in urine by noting the number of dilutions required to obliterate the 
urobilin band in the urine They recommend tlie addition of a few drops of 
Lugol’s solution to the urine in order to convert the uiobilmogen into urobilin 
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A\iche (1909) found that a solution of urobilin of 1 200,000 prepared by a 
method he describes is sufficient to make the five absorption bands of potassium 
permanganate all of equal intensity, although without it some aie liglitei than 
others He therefore superimposes the urine, which in some cases has to be 
exti acted uith a thymol-chloroform solution, ovei a solution of potassium per- 
manganate, and dilutes the urine oi its extract until all the bands are of equal 
intensitj 

Simpson (1910) acidifies the urine with sulphuiic acid and exposes it to light 
foi some time in order to convert urobilinogen to urobilin It is then diluted 
until the urobilin hand disappears This method gave faiily accurate results 
when a dilution of fifteen or moie volumes was necessaiy With smallei amounts 
the reading was apt to be obscured by other pigments 

Hausmann (1913) adds copper sulphate to the urine and dilutes until the 
spectrum becomes invisible 

Henocque, Ilayem, Gautietet, Demquds, Hildebrandt, Biva and Zo]a have 
used one modification oi another of these spectroscopic methods 

Chainas (1909) makes the urine alkaline, allows it to ferment at 37 C 
(98 6 P ) foi from twenty-four to foity-eight hours, aeidifies with taitane acid, 
and extracts with ether and petroleum benzin To a portion of the ethei extract 
an ethereal solution of paradimethylamidobenvaldehyd is added and two to three 
drops of absolute alcohol saturated with hydiochloric acid gas After dilution 
if necessary with alcohol a spectrophotometric reading is made 

3 Methods Depending on the Pioperty of Fluorescence — Grimm (1893), 
Fischler (1906), Giigant and Monod (1909), and Descomps (1909) gage the 
amount of urobilin by the intensity of the fluorescence present in the zinc salt 
filtrate of the urine Various devices are adopted to aid the conversion of uro- 
bilinogen into urobilin 

If Oolorimetnc Methods — Bogomaloff (1892) used a colorimetric method 
depending on the depth of the red-violet color produced in a chlorofoim extract 
of urine containing urobilin by the addition of copper sulphate 

Biaunstein (1903) used a modification of this method 

Flatow and Biunell (1913) estimate the amount of urobilinogen in fresh 
urine from the depth of the red color given on the addition of Ehrlich’s reagent 
As a standard they use a plienolplithalein solution to which a few particles of 
metallic sodium have been added 

Brugsch and Retzlaff (1912) modify Charnas’ method by extracting the 
alkaline urine first with ligroin They make the final reading witli Plesch’s 
colorimeter, using a solution of Bordeaux red as the standard 

The Stools 

Quantitative estimations of urobilin in the stools have been carried out by 
comparatively few investigators Gerhardt at first used a somewhat complicated 
piocess of extraction and purification but later except in special cases simply 
extracted with acid alcohol and read spectrophotometrically Auche extracts with 
alcohol, removes other pigments by shaking with ligroin and thereafter makes 
the same spectroscopic determination as he employs in urine extracts 

Simpson (1910) mixes the day’s feces with water and adds enough dilute 
sulphuric acid to make the mixture distinctly acid For one oi two days full 
exposuie to light is allowed to convert the chromogen into urobilin Filtration 
IS then cained out and the residue repeatedly exti acted until the filtrate becomes 
colorless Direct examination of the filtiates is made and the amount determined 
from the degree of dilution requned to obliterate the spectroscopic band 

Brugsch and Retzlaff (1912) attempt to convert all the urobilin into uro- 
bilinogen bj allowing the stools to stand for some time before exti acting with 
ligroin to remove indol derivatives and then with acetic ether After the addition 
of paradimethylamidobenzaldehyd they make a colorimetric determination as in 
their method with urine 
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Serum 

No quantitative work has been done with serum The methods employed for 
the detection of urobilin in serum were reviewed by Conner and Eoper We shall 
refer therefore only to those which have appeared since their publication 

Morel and Monod (1908) add alcohol to the serum and heat to boiling for 
half an hour The filtrate is concentrated and a drop of Ohermeyer’s reagent 
and an alcoholic solution of zinc acetate and acetic acid are added After twenty- 
four hours the filtrate is examined for fluorescence 

Auche (1909) adds a solution of lodin in potassium lodid to the serum and 
afterward some zinc cyanate in ammonia and filters The filtrate is examined 
spectroscopically 

Fromholdt and Nersessoff (1912) precipitate the oxalated plasma with alcohol, 
filter, concentrate, acidify, and shake with amyl alcohol, and then with alkaline 
water The water is then made acid and shaken with amyl alcohol and examined 
spectroscopically 

III DISCUSSION OP METHODS 

Id reviewing the literature on these methods, it was evident that the 
one mam difficulty encountered by all investigators was the problem of 
separating urobilin and urobilinogen fiom the other coloring matters 
present m the excretions without at the same time destroymg more or 
less of it Many had frankly given up the attempt to attain any but the 
roughest purification, and had relied on the intensity of the physical 
properties of fluorescence or of light absorption In doing so they had, 
of course, confessed that then results were not quantitatively aceuiate, 
for variations in the impurities present would undoubtedly affect the 
basis on which their determinations rested Others have not remained 
satisfied with this, but have attempted to attain at any rate approxi- 
mately pure solutions before estimation 

The question as to which of these two methods produced the better 
lesult depended on whethei more was gained in accuiacy than was lost 
by destruction of urobilin in the various precipitations, separations and 
evaporations lequired 

It appeared to us that there was one way in whicli the question could 
be answered IVhen undiluted urine is examined spectroscopically, noth- 
ing IS seen, as a rule, except a general absorption of light, which becomes 
deeper and deeper towaid the blue end of the spectrum Even if uro- 
bilin IS present, the absorption band cannot be clearly differentiated 
When the amount of urobilm, however, is much largef than the othei 
light-absorbing substances present, one finds that on simple dilution with 
watei the band between E and P becomes more and more distinct, so 
that it at last stands out sharply On still further dilution it begins to 
fade, and a more or less definite point is reached at which it becomes 
invisible when the full amount of light is allowed to pass through the 
spectroscope, but can still just be seen when the light is diminished In 
some urmes one may have to carry the dilution to forty or more times 
the origmal volume of urine to reach this point At this dilution the 
disturbing effect of other substances is negligible Such urines afford an 
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excellent means of deciding as to wlietlier any particular manifestation 
leads to a loss of urobilin or not, because the number of dilutions required 
to remove the urobilin band before and after the procedure can be very 
leadily determined We were fortunate at this time in having under 
observation for several months a patient with bronzed diabetes in whose 
urine unusually large amounts of urobilinogen and uiobilm were con- 
stantly present 

Practical experience with this method very quickly showed us that 
any and every tried means which may be applied to sepaiate urobilin 
fiom the urine was associated with more or less loss Extracts from 
piecipitations with ammonium sulphate, separations by ether, chloroform 
01 th'j’niol'chloroform solutions, and processes of evaporation, with oi 
without heat, all led to a greater oi less diminution of the spectroscopic 
dilution value Such methods are applicable in the endeavor to obtain 
puie urobilin, but it seems to us that they can have no place in any 
quantitative estimation, for the amount destroyed is too variable and too 
incapable of control The one salient fact which has to be kept con- 
stantly in mind in choosing a method of estimation is that almost any 
manipulation is apt to be associated with more or less loss of urobilin 
It IS better to lecognize from the first that ordinary chemical methods 
are not applicable to a substance which is so labile, and that their employ- 
ment gives only a fallacious appearance of accuracy Any gravimetric 
method for this reason seems to us to be entirely out of question Solu- 
tions of uiobihn 01 urobilinogen may no doubt be obtained in a state of 
suflQcient purity to admit of spectrophotometric detei mmation, but with 
the means which have hitherto been employed for this purpose the enoi 
by loss so fai outweighs any inciease of accuracy in the final determina- 
tion as to make results obtained by such methods of very doubtful value 

Yet m the case of all urines in which the amount of urobilin was not 
exceptionally large and in dealing with stools, some preparation was 
necessai)^ for no direct reading could be made After trying a large 
number of procedures, the conclusion was reached that the most innocu- 
ous of all was to mix equal parts of mine and a saturated solution of 
7 inc acetate in alcohol and to filter This is Schlesinger’s qualitative test 
for uiobilin A small amount of urobilin may be absorbed by the pre- 
cipitate, and at first we filtered under pi essure and washed the precipitate 
with alcohol, but latteily we have found that the error is so small com- 
paied Avith other unavoidable sources of error that in loutine clmical 
examinations we have smiply taken the first fraction of the filtrate 

Another necessary procedure also soon became apparent It has of 
course, long been known that on adding acid to a urobilin solution the 
position of the absorption band is altered, but we had not gathered that 
the intensit}’^ was changed to the extent which we found in many mines 
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Sometimes the increase in the nnmber of dilutions acquired to obliterate 
the band was ten times as great in filtrates which had been made strongly 
acid as in the fresh filtrate It was obvious that unless constancy could 
be attained in this point, no results of value could be obtained The 
intensity of the spectroscopic characteiistics of urobilin are as dependent 
on reaction as is the property of fiuorescence The difference is that to 
attain maximum fluorescence a nice balancing of reaction is required, 
whereas the strongest absorption band is obtained in a strongly acid 
solution and an excess of acid does no harm All that is required, there- 
fore, IS to be sure that enough acid is present For this reason alone the 
spectroscopic methods are to be prefeired to those based on fluorescence 
in which large errors may arise from slight variations in reaction 
Still anothei essential point in any method is that the urobilinogen 
as well as the urobilin shall be taken into account, and that if possible 
the quantitative relationship between the two bodies shall be established 
so that the result can be expressed as a single figure Urobilin is simply 
an oxidation product of urobilinogen, from the clinical or physiological 
points of view they have exactly the same significance Urobilinogen is 
potential urobilin In any specimen of urine or stool the relative 
amounts of the two are constantly changing, the amount of urobilin 
increasing and of urobilinogen decreasing the longer the exposure to 
light and air In some methods this difficulty is met by keeping the 
extract for twenty-four hours exposed to light, and it is assumed that all 
the urobilinogen will then have been converted into urobilin Otheis 
endeavor to hasten the process by the addition of oxidizing agents, and 
one method takes the opposite course, and by alkaline fermentation 
attempts to convert all the urobilin into urobilinogen 

The only way by which urobilinogen can be determined, except 
giavimetrically, is by the spectroscope through the absorption bands of 
the pigment produced by its reaction with paradimethylamidobenzal- 
dehyd We used a solution containing 20 gni in 300 c c of 50 per cent 
concentrated hydrochloric acid One c c was added to every 10 c c of 
the alcoholic zinc acetate filtrate This gave a sufficient amount of acid 
to produce the maximum intensity in the urobilin band and at the same 
time brought out the urobilin spectrum, so that the dilution values of 
both urobilin and urobilinogen could be read in the same filtrate The 
amount of urobilinogen could then be expressed as representing so many 
dilutions in the same way as with the urobilin 

The first point investigated was the effect of light on urobilmogen 
It was found to vary greatly with the intensity of the light A few hours’ 
exposure to direct sunlight suffices to cause the complete disappearance 
of urobilinogen With indirect light the process required a longer time, 
but after exposure to a diffuse light in a room with ground-glass win- 
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dow6, theie was found aftei twenty-foui hours to be an almost complete 
disappeaiance of urobilinogen The figures in Table 1 show the effect 
of leaving the zinc acetate filtrates of urine in diffuse room-light for 
twenty-four hours 


lABLE 1 — Eftect of Leaving Zinc Acetate Filtrates of Urine in Dif- 
fuse Koom-Light for Twenty-Four Hours 


Filtrate Examined 
at Once 
32 
37 
45 
25 
21 
12 
7 

16 

34 

40 

18 

25 

19 

40 


Urobilinogen 

Examined After 24 Hours 
in Eoom-Light 
1 
0 
2 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 


The effect on urobilin of a smiilai exposuie to light could not be 
determined in the same way, since all fresh urine and stools contain 
uiobilmogen which passes over m part at least to urobilin It was 
invariably found, however, in these specimens in which by various means 
the urobilinogen had been removed, that light had a destructive effect 
on uiobilm, as was shown by the diminution in the dilution value after 
exposure 

Under the influence of light, as the urobilinogen diminishes the 
uiobilm increases The question remained, however, as to how much 
loss of urobilinogen and urobilin occurred during this process The 
piecise degree of loss could be found only if we knew the quantitative 
lelationship between urobilinogen and urobilin and the relative light- 
absoibing poweis of the urobilinogen and urobilin pigments These facts 
aie not known, but an indication of the amount of loss of urobilin was 
gained by comparing the total dilution value obtained by adding together 
the uiobilmogen and urobilin values in the fresh filtrates, in those which 
had been m darkness for twenty-four hours and in those which had been 
left in diffuse room-light for the same time 

After twenty-four hours in darkness there had been a diminution 
of uiobilmogen from 371 to 301 and an mciease of urobilin from 6 to 
131 The light-absoibmg powder of urobilin must then either be greater 
than that of the urobilinogen pigment, or one molecule of urobilinogen 
must break up into two or more molecules of urobilin In any case there 
IS an increase of the total dilution values for urobilinogen and urobilin 
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togetliGi^ associatGd ■with a diminution of uiobilinogon and an incrGflso 
in urobilin 


TABLE 2 — Quantitative Change in Urobilinogen and Urobilin Under 

THE Influence of Light 


Fresh Urine 

After 24 Hours in Daik 

After 24 Hours in Room-Light 

Urobilinogen Urobihn 

Urobilinogen 

Urobihn 

Urobilinogen 

Uiobihn 

bZ 

2 

28 

11 

1 

26 

37 

0 

30 

12 1 

0 

32 

45 

0 

40 

12 

2 

37 

26 

0 

22 

8 

0 

17 

21 

0 ; 

19 

14 

1 

16 

12 

2 1 

10 

7 

0 

3 

7 

2 

6 

3 

0 

5 

16 

0 1 

14 

7 

0 

15 

34 

0 ' 

30 

12 

0 

21 

40 

0 

35 

13 

1 

30 

IS 

0 

14 

10 

1 

16 

25 

0 

1 

9 

1 0 

16 

19 

0 

7 

4 

0 

8 

40 

0 

32 

12 

0 

24 

371 

6^ 

301 

134t 

6 

266t 


^ Total “Urobihn” 371 + .6 = 377 

t Total "Urobilm” 301 + 134 = 436 
t Total “Urobihn” 6 + 266 = 272 


In the filtrates exposed to light there is more than forty times as 
much urobilin as in the fresh filtrates and twice as much as in those kept 
in the dark, and yet in spite of that the total dilution value is much 
less, only 266 as compared with 377 and 435 If for a moment it is 
assumed that the diminution of urobilinogen and increase in urobihn 
in the filtrates kept in the dark represent the relationship between the 
two bodies, then 371 — 301 — 70 of urobilinogen should produce 134 — 
6 •= 128 of urobilin But the disappeaiance of 371 — 6 = 365 of 
urobilinogen in the filtrates exposed to light led to an increase of only 
266 — 6 = 260 of urobilin instead of the 667 which should have 
resulted It is impossible to explain this decrease in total dilution value 
except as due to a destruction of part of the urobilinogen or urobihn 
or both Since the actual amount of urobilinogen or urobilm destroyed 
by exposuie to light cannot be calculated, and varies so greatly with 
different degiees of intensity of light and with other unkno-wn con- 
ditions, the conclusion was reached that it was not a means which could 
be used in any quantitative method to convert urobilinogen mto urobihn, 
and that as fai as possible exposure to light should be avoided in urobihn 
estimations 

Attention was then turned to the effect of oxidizing agents which 
have been recommended especially by French investigators, but here 
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also the results were disappointing, for those reagents which were effect- 
ive in oxidizing the urobilinogen were also very destructive to the 
urobilin 

Charnas states that if urine is made alkaline and left for from 
twenty-four to forty-eight hours in the incubator, all the urobilin will 
be converted into urobilinogen, which can then be estimated by the 
spectrophotometer It is noteworthy that Charnas does not give any 
estimations indicating the decrease of urobilin and increase of urobi- 
linogen during the process, nor does he bring forward any evidence to 
show whether or not any part of the urobilinogen or urobilin is destroyed 
by the fermentation which occurs It has long been known that in 
freshly passed urine urobilinogen is present alone or at any rate in far 
greater amount than urobilm, suggestmg that as it is excreted through 
the kidneys it is all in the form of urobilinogen, and it has been the 
universal experience that the longer a urine is kept the less urobilinogen 
will be found in it, so that the statement that in alkaline urine left 
exposed to the air at a temperature of 37 C. the reverse process occurs, 
and that instead of an oxidation a reduction takes place, is not one which 
can at once be accepted We know that in the mtestine there is a reduc- 
tion of urobilin to uiobilmogen, but there conditions are present much 
more favorable to reduction processes than those which are present in 
urine left exposed to air Outside the body the formation of urobilin * 
constantly goes on , but to bring about the reverse process the strongest 
1 educing agents we know have to be employed It seemed to us, however, 
that the question was one which could be decided by the simple spectro- 
scopic method we have outlined 

Headings of the relative amounts of urobilin and urobilinogen in 
thirty specimens of urine before and after alkaline fermentation at 37 C 
weie made In most of the cases fermentation was allowed to continue 
foi twenty-four hours The first twelve results are given in Table 3 


TABLE 3 — ^Ukobilin and Ubobiijnogen Befoee and Afteb Aeicatjne Eek- 

3IENTATI0N AT 37 C 


Before Fei mentation 
Urolnlinogen Urobilm 


15 5 

12 0 

26 9 

15 5 

12 0 

7 0 

26 9 

19 3 

0 3 

0 5 

17 6 

10 5 


After Fermentation 
Urobilinogen Urobilm 


0 

0 

7 
0 
6 

8 
0 
5 
0 

30 

0 

50 


11 

9 

0 

0 

O' 

3 

2 

2 

11 

0 

1 

2 
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Of these thirty specimens there was a diminution instead of an 
increase of urobilinogen after fermentation in all except three In two 
there was a very considerable mcrease of urobilinogen^ but both these 
specimens contamed some bile, and as we found that uiobilinogen was 
produced in decomposing bile we are inclined to ascribe these exceptions 
to this cause 

It seemed that these results, so completely at variance with the 
statement of Charnas as to the effect of alkaline decomposition m urine, 
might be due to the urobilinogen having become absorbed m the heavy 
deposit of phosphates in the fermented urines The experiment was 
therefore repeated in ten urines, the readings before and after fermen- 
tation being made after the specimns which had been made faintly 
alkaline with ammonium carbonate had again been made acid with 
tartaric acid Before fermentation a total reading of urobilinogen 18 
and urobilin 27 was made After twenty-four hours’ fermentation, 
urobilinogen 13 and urobilin 16 was recorded, and after forty-eight 
hours, urobilinogen 12 and urobilin 4 We must conclude then that 
alkaline fermentation in the dark at a temperature of 37 C not only does 
not quantitatively conveit urobilin into urobilinogen, but that it has a 
directly destructive action on both 

Since there was no available way of eon vei ting all the urobilinogen 
into urobilin or vice veisa, the only alternative was to make estimations 
of each separately But could such results be added together and 
expressed by a single figure^ Our knowledge of the chemistry of these 
bodies IS not yet sufiBciently advanced to enable us to be sure that one 
or the other may not be a condensation of the other so that one molecule 
of urobilinogen, for instance, may break up into two or more molecules 
of urobilin l^o idea as to the relationship between them could be gained 
by notmg the degree of increase in the dilution value of urobilin which 
followed a decrease in urobilinogen, for the factors concerned are too 
complex and variable to allow of any true idea being obtained in this 
way Bor while the urobilinogen is being converted into urobilin, both 
are undergoing other changes and are losing the spectroscopic charac- 
teristics on which oui determinations rest In preparations of uiobilin 
and urobilinogen made from bilirubm by Bromholdt’s method we found 
such a lack of relation between the weight of bilirubin and the weight 
• of urobilin produced, and such a variability in the relative amounts of 
urobilm and urobilinogen formed, that it did not seem likely that in 
this way either could we successfully determine whether or not uiobilin 
and uiobilmogen were equivalent in value In dealing with two such 
extremely unstable substances whose piesence can be detected only by a 
smgle physical property and which aie constantly changing into othei 
bodies which we have no means of estimating, the pioblem of their 
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exact relationship is one whose solution will probably not be definitely 
established until we have more knowledge of the decomposition products 
of bemoglobm For urobilinogen and urobilin are only links in the 
cbam of bemoglobm derivatives, they cannot be regarded as final end- 
pi oducts The problem which we were attempting to solve was not the 
exact quantitative determmation of uiobilin, however, but simply the 
question as to whether or not any information of clinical value could be 
gamed from urobilm estimations, m spite of the errors necessarily 
involved m any of the present methods With this end m view the best 
that could be done was to add together the dilution values of urobilinogen 
and urobilin We do not know that they are equivalent, but, on the other 
hand, we know that they are not very different m value The pioportion 
of the two substances varies so much in different specimens of urine, 
stool and bile that no comparison can easily be made if the dilution 
values for each are given separately 

As a result of this preliminary review we determmed that the best 
method would be one which avoided all but absolutely essential manipu- 
lation of the material, one which was based on the most characteristic 
of the pioperties of uiobihn. the spectroscopic absorption bands, and one 
m which the attempt to convert all the urobilmogen into urobilin or 
vice versa was abandoned and the results of separate estimations of the 
two weie simply added together Throughout this paper when the term 
^^urobilm” is used apart from ‘"urobilmogen,’’ the sum of the dilution 
values of urobilin and urobilmogen is intended 

The following aie the details of the methods which we finally 
adopted 

rv METHODS 
Unne 

The method of collection of the twenty-four-hour uiine has a considerable 
effect on the total spectroscopic reading The vessel in which the unne is col- 
lected should be of dark brown glass and should be kept in darkness Thymol 
crystals should be added, for even in cases in which no obvious fermentation had 
occurred we sometimes found a diminution in the total amount if no preservative 
was present After measuring the amount of the twenty-four hour urine, 10 c c 
are mi\ed with 10 c c of a saturated alcoholic solution of zinc acetate, and aftei 
a few minutes filtered If a number of urines are being examined at the same 
time it IS convenient to have test-tubes graduated to 10 and 20 c c Ten c c of 
the filtrate are taken and 1 c c of Ehrlich’s solution’ is added It was found 
that this amount produced a sufficient concentration of acid in the mixture to give 
the maximum intensity of the urobilin hand and contained enough of the 
paradimethylamidobenzaldehyd foi the reaction with urobilmogen The develop- 
ment of the urobilinogen band is not instantaneous We found that as a rule it 
had attained its full intensity in a quarter of an houi The action can be greatly 
accelerated by heating, but this is to be avoided It is better to wait for an hour 
before making the reading, and during this time the solution should be kept in 


1 Paradimethylamidobenzaldehyd, 20 gm , concentrated hydrochloric acid, 
150 c c , water, 150 c c 
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the dark After tluee or four hours there is a diminution of the urobilin and 
urobilinogen in filtrates from urines, so the estimation should he made not later 
than three hours after adding the Ehrlich solution We found that Citron’s hand 
spectroscope^ was the most convenient instrument to use The filtrate was washed 
into a graduate and diluted with tap water until first one and then the other 
bands of light absorption had disappeared when the full amount of light entered 
the spectroscope, hut were still visible when the light was partly shut off This 
gives a fairly definite endpoint, and we did not find any great vanation in the 
readings made by different persons It is important of course that the light 
shall be always of approximately equal intensity We made the readings in a 
daik room with a Tungsten electric bulb, holding the spectroscope close to the 
source of light In highly colored urines one may be in doubt as to whethei or 
not a trace of urobilin is present, for there may be so much general absorption 
of light as to obscure the urobilin band in the undiluted filtrate There is no 
such difficulty with the urobilinogen band which lies between the red and yellow 
where there is no marked light absorption With urines containing bile, if the 
amount of urobilin is not very large, it is necessary to add some fullers’ earth 
and to leave the mixture standing for some time before filtration If this is 
done the uiohilin hand can usually he read even in the undiluted filtiate The 
dilution required gives the value for 5 c c of urine If this figui e is multiplied 
bj'^ the number of 5 c c quantities in the twenty-four hour urine, the number of 
dilutions which would have been necessary if all the uiobilinogen and urobilin in 
the twenty-four-hour amount had been concentrated in a volume of 5 c c is 
obtained Foi instance, if in a twentj'-four hour urine measuring 1,000 e c a 
reading of ten dilutions for uiobilinogen and of twenty for urobilin weie made, 
the total urobilin would he 30 x 200 = 6,000 We tried to determine the dilu- 
tion value of definite weights of urobilin prepared from bilirubin, but different 
preparations varied so much in their dilution value that it was obvious that 
we were not dealing with pure urobilin and we abandoned any attempt to express 
our results in milligiams of urobilin 


Stools 

All the feces passed in the twenty four hours were collected in the same 
receiver, the stools being protected from light They ivere then washed into a 
large graduate and thoroughly ground up ivith water into a homogeneous paste, 
and water added to 0 5, 1, or if necessary 2 liters, depending on the quantity 
of stool After thorough mixing, 25 cc were taken and 75 cc of acid alcohol 
(95 per cent alcohol, 1,600 c c , concentrated hydrochloric acid, 25 c c , and water, 
800 c c ) were added The mixture was then put into a shaker for about half 
an hour A considerable number of extractives were tried for removing the 
urobilin from the stools, but none were found so efficient as alcohol with hydro 
chloric acid After thorough mixing in the shaker an equal quantity of a satur 
ated solution of zinc acetate in alcohol was added and the mixture ivas filtered 
After adding 2 c c of Ehrlich’s reagent to 20 c c of the filtrate, the solution 
was put aside in a dark place until next day The addition of zinc acetate is not 
absolutely essential, but in some cases we observed an intensification of the uro 
bilm band following its use, and it is perhaps an advantage to make the urine 
and stool readings as far as possible under the same conditions The develop 
ment of the urobilinogen band was not always complete until six hours had 
elapsed, but thereafter there was no loss of urobilinogen oi urobilin for a long 
time, although this was not the case with the zinc acetate filtrates before the 
addition of Ehrlich’s solution The reading was made in the same way as with 
the urine and the total amount calculated for the volume of stool after grinding 
up with water, the dilution of the 25 c c by acid alcohol and zinc acetate being 
taken into account Instead of using tap water for dilution of the final extract, 
60 per cent alcohol was required to avoid the development of a precipitate 


2 This can be obtained from Paul Altmann, Luisenstrasse, Berlin, Germany 
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Bile 

A measured amount of bile was mixed to a paste in a mortar with fulleis’ 
earth and left for some hours An equal amount of the alcoholic solution of 
zinc acetate was then added and the mixture filtered under pressure, and the 
lemainder washed with measured amounts of zinc acetate alcohol In this way 
almost all of the biliiubin was absorbed, and though no doubt there was some 
loss of urobilinogen and urobilin, the comparatively small amounts found in the 
washings compared with the quantities present in the fiist filtrate seemed to 
indicate that the fullers’ earth had very much less capacity for absorbing uro- 
bilin than bilirubin Small amounts of urobilin or urobilinogen could no doubt 
be overlooked by this method The Ehrlich solution was added in the same 
proportion as in the mine, but the dilutions had to be made with alcohol instead 
of water 

Blood-Serum 

We have tiied various methods, but so far we have not been successful in 
demonstrating urobilin with certainty 

V THE EXCRETION OE UROBILIN IN URINE 

Urobilm is a normal constituent of tlie nrme, but the amount is so 
small under ordinary conditions that it can be demonstiated only by 
extracting large quantities of mine 

With the methods we have used, a positive result in twenty-four-hour 
specimens of urine indicates an abnormal increase over the amount 
usually present We have only very rarely been able to find a faint and 
doubtful degiee of absorption in the region of the urobilinogen or uro- 
bilin bands in the urines of persons in apparent health When, therefore, 
urobilin is spoken of as being absent from urine, it is understood that 
an absence of an increased amount of urob’ilin is meant 

Saillet found in two normal persons that the quantity of urobilin 
excreted during the eight hours of sleep was only about one-tenth of 
the total twenty-four-hour amount He gives two curves of the excretion 
during the daytime which show some relation to the body-temperatuie 
variations He suggests a connection with the processes of digestion 
and of general metabolism 

In a case of bronzed diabetes with a large urinary excretion of uio- 
bilin, we had an opportunity to study the excretion fiom hour to hour 
The patient was on a von Hoorden strict diet plus 50 gm of bread His 
habits were very regular He rose at 7 a m and went to sleep at about 
9pm Urine was passed every two hours during the daytime, and the 
amount of urobilin determined at once The amount passed during the 
SIX or eight hours of sleep was kept in the dark and the urobilin deter- 
mined at the earliest opportunity In such freshly passed specimens, 
practically all the urobilin is in the form of urobilinogen, and the prob- 
able error arising from the assumption that the urobilinogen and urobilin 
readings represent equivalent values is avoided For over a month, the 
two-hourly excretion was determined every day, with the result that there 
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was invariably found to be a marked diminution in the amount excreted 
at night A graphic representation of the excretion durmg three con- 
secutive days IS given in Chart 1 The chart is typical of the results 
throughout the whole period It shows the decrease of urobilm m the 
night urine and the great variation in the quantity from day to day and 
from hour to hour The only constant feature is the fall durmg the 
night Otheiwise there is complete irregularity and the hour of maxi- 



Charfc 1 — Excretion of urobilin, June 11, 12 and 13 


When the patient remained up and took his meals during the night 
and slept in the daytime, the amount excreted in the night was much 
larger than in the day 

Charts 3, 4, 5, 6 and 7 show the relation between the excretion of 
water, total solids, sugar, chlorids and urea and urobilin The relation 
was only a ver}'- general one, for the urobilin excretion shows irregular 
and wide fluctuations 





10 133 4 6 8 10 132 4 68 10 12 2 4 68 10 '13 3 4 6 8 

June 23 am pm 24 am 


Chart 2 — E\cretzon of urobilin, June 23 and 24 






Chart 6 — Chlonds and urobilm 



Chart 7 — ^Urea and urobilm 
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These results appear to us to be of interest in connection with the 
question of urobilin excretion by the kidneys It is generally agreed 
that most of the urobilin is formed in the intestine and is carried by 
the portal vein to the liver Theie it is supposed to be either broken 
down further or resynthesized to bilirubm or hemoglobin (Brugsch) 
except for a very small part which is carried into the general circulation 
and IS excreted through the kidneys When the liver is diseased, the 
destruction or rebuilding of urobilin fails more or less, so that a greater 
quantity of the urobilin absorbed fiom the intestine passes by^ the liver 
to the kidneys 

The wide fluctuations in the quantities of urobilin in tins case can 
scarcely be due to variations m the amount of absorption from the intes- 
tine It IS true that bile enters the duodenum only at intervals, but they 
are regular intervals when the periods of digestion are regular, and on 
these chaits no signs of any periodicity during the daytime can be traced 
In any case, the bile passes through the small intestine in about four 
hours, and as our flndings as to the amount of urobilin in various parts 
of the intestinal tract show, the greatest quantity of uiobilin is in the 
large intestine, not in the small Urobilin is always present m the large 
intestine, and from this situation one could not expect any considerable 
changes from hour to hour in the amount absorbed Urobilin is a readily 
diffusible substance, and since water is lemoved fiom the large intestine, 
it seems probable that urobilin will also be taken up by the blood 

Uor dbes it seem that changes in the excretory functions of the kid- 
neys can account for more than a small part of the uiobilin variations 
The amounts of sugar and chlorids fall during the night mainly because 
their absorption from the alimentary tract almost ceases and not because 
there is am marked decrease in the eliminating functions of the kidneys 
But urobilin is present in the large intestine in as large amount durmg 
the night as during the daj'', and if absorption is uniform one would 
expect uniform excretion, oi at least no greater variation than might 
be ascribed to alterations in the circulatory and nervous mechanism of 
the kidneys We have no evidence of any specific diminution in excre- 
tory power of the kidneys foi any substance duiing the night 

If the absorption and excretion of urobilin appear to be too con- 
tinuous and uniform to explain these charts, can we regard the variations 
shown m them as indicative of fluctuations in the power of the liver to 
keep the uiobilin reaching it from the intestine from entering the general 
circulation P 

The patient had an extremely large liver which post mortem was 
found to be cirrhotic and to contain a large amount of the pigment found 
in cases of hemochromatosis During the day, when the work of the 
livei was increased because of the absorption of food products, it might 
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be imagined that the liver would be less able to cope with the urobilin 
brought to it, and the great increase during the daytime might be thus 
explained But the wide and irregular fluctuations from day to day and 
from hour to hour, in spite of the fact that tlie meals were taken at 
regular intervals, remain to be accounted for Possibly some other factor 
such as a formation of urobilin in the diseased liver may have played 
a part In Saillet’s two curves of hourly urobilin excretion in people in 
health, no such wide variations are to be seen 

Other ^possible factors which may play a part in alterations of the 
urinary excretion of urobilin are the changes which urobilin undergoes 
m the blood and tissues The form m which urobilin circulates in the 
blood-stream is still unknown, and the question as to whether it may 
not there in part be broken up or synthesized to some other substance, or 
may not be stored in some form or other in the tissues, is still unsolved, 
and it IS possible that in them an explanation may be found for these 
anomalies of urobilin excretion At present, they can only be recorded 

VI THE EXCRETION OF UROBILIN IN THE STOOLS 
In ten adults in whom theie was no reason to suspect any disturbance 
of hemoglobin metabolism, the average daily excretion in the stools was 
worked out These cases, as shown in Table 4, showed variations between 
3,307 and 8,737, and a geneial average of 6,475 

TABLE 4 — ^Average Daily Excretion op Urobilin in Stool§ op Ten 


Adults with Normal Hemoglobin 

Metabolism 

Length of Period of 

Average Daily Urobilin 

Observation, Days 

Diagnosis 

in Stools 

8 

Inguinal hernia 

8,686 

15 

Fractured femur 

3,855 

3 

Chronic appendicitis 

6,080 

3 

Endometritis 

3,307 

6 

Neurasthenia 

4,887 

10 

Neuritis 

8,702 

15 

Chronic arthritis 

6,604 

11 

Neurasthenia 

8,737 

6 

Fiactured femur 

5,840 

8,053 

6 

Fractured tibia 

The impossibility of 

gaining any idea as to the amount of urobilin 


excreted m the stools by an examination of a single twenty-four-hour 
collection is apparent when the figures for the daily excretion of any of 
the cases we have worked with are examined (Table 5) The variations, 
it is seen, are sometimes very large indeed 

To a certain extent, of course, this is accounted for by differences 
in the quantity of feces passed from day to day, but there are certainly 
other factors involved We were particularly struck with the fact that 
on the days following a period of twenty-four hours during which no 
stool was passed, there was not as a rule any increase in the urobilin If 
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the urohilm in the stools retained m the large intestine weie absorbed 
by the blood-stream, one wonld have expected an increase in the nro- 
bilm in the urine on these days But on reviewing the figures, no con- 
stant inciease in the urobilin in the urine could be established We wcie 
then inclined to attribute this apparent loss of uiobilm to destruction 
within the intestine , but when the effect of keeping stools in an incubator 
at 37 C was tried, we found to our sui prise that there was no less 


marked loss 

Day 

1 

of ulobilin 

TABLE 

5 — Urobilin Excreted in Stool 


f 

2,408 

All 

4,800 

KJ 

16,640 

5,120 

2 

10,880 

3,360 

5,280 

7,680 

13,440 

3 

* 

3,840 

2,660 

4 

7,360 

960 

1,440 

•K> 

5 

4,480 

* 

4,800 

3,840 

6 

1,280 

7,680 

6,080 

15,360 

14,400 

7 

10,240 

25,920 

* 

8 

4,000 

8,000 

8,320 

35,200 

9 

* 


3,840 

1,536 

10 

720 

3,200 

5,760 

3,200 

11 

7,040 

11,200 

6,720 

7,040 

* No stool 


The stools were thoroughly ground up in water and kept in the incu- 
bator Every day, 25 cc were removed and extracted with acid alcohol 
With the exception of the last stool, the figures show only such differ- 
ences as lie within the limits of error of the method (Table 6) There 
was only a slight diminution of uiobilinogen and mciease of urobilin® 


TABLE 6 — ^Effect on Ukobilin of Keeping Stools in Incubator 


No 

Fresh 

After 

After 

After 

After 

Stool 

24 Hours 

48 Hours 

72 Hours 

96 Hours 

1 

15 

16 

16 



2 

3 

3 

2 

3 

3 

3 

12 

19 

14 

18 

11 

4 

57 

62 

65 

66 

65 

5 

20 

21 

20 

18 

24 

6 

60 

65 

48 

63 

60 

7 

3 

3 

3 

4 

4 

8 

65 

60 

55 

51 

48 

So long 

then as 

stools aie 

kept fiom exposure to light theie does 


not seem to be a veiy rapid loss of urobilin Nor, on the othei hand, 
IS there any increase such as might have occurred if the formation of 
urobilm in the freshly passed stool had been incomplete 

The absence of great destruction of urobilin in stools kept undei these 
conditions outside the body does not, of course, preclude the possibility 


3 Latex experiments showed that theie was a giadual diminution of both 
urobilin and urobilinogen, so that after a week about a quaiter of the oiiginal 
dilution value bad been lost The gi eater constancy in the experiment given 
here was due to concentration by evaporation 
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of such an action taking place within the bowel, where absorption and 
excretion are proceeding and where there is no exposure to air It was 
thought that an indication of such a loss of urobilin either by absorption 
or destruction was obtained when the relative amounts of urobilin present 
in the contents at different levels of the intestinal tract were compared 
The feces obtained at post-mortem in five cases were ground up in 
so much acid alcohol as gave, so far as could be seen, an approximately 
equal consistency The relative amounts of urobilin were as follows 
duodenum, 1, jejunum, 1 3, ileum, 4 8, cecum, 13 3, descending colon, 
5 5 

The relative decrease in the descending colon as compared with the 
cecum certainly suggests a loss of urobilin, but the number of cases 
examined was too small to permit of any definite conclusion In all 
probability, both absorption and destruction are at work The absence 
of increased urobilin in the urine on the days of constipation is not by 
any means conclusive evidence against the occurrence of absorption of 
urobilm from retained stools, for the absolute want of any relationship 
between the amount of urobilin in the stools and in the urine is a fact 
which must impress any one who makes such concomitant observations 
Ko doubt the quantity in the intestine is a factor in determining the 
amount excreted by the urme, but except under conditions such as an 
unusually large hemoglobin destiuction, when there may be a very gieat 
increase of urobilin in the stools, its effect is altogether overshadowed 
by other mfluences at work on the urobilin in its passage through the 
blood-stream, liver, bile, tissues and kidneys 

The inteipretation of the results of urobilin estimations in the stools 
IS a comparatively simple matter when compared with the complexities 
and obscurities surrounding the question of the elimination of urobilin 
in the urine, and we believe that from a clinical point of view, work on 
the stools will give results of much greater value and of much less doubt- 
ful significance than has been the case up to the present, when the atten- 
tion of clinicians has been directed almost exclusively to the mine 

Our own experience in cases of pernicious anemia, and the reports of 
Simpson in cases of malaria have convinced us that, if constipation or 
diarrhea are avoided, the determination of the average stool urobilin 
over a period of several days is the best guide we have to the quantity 
of hemoglobin which is being broken down m the body Its importance 
in anemias and in all cases in which excessive blood destruction is sus- 
pected does not need to be elaborated 

VII THE EXCKETIOIsr OP UKOBILIN IN BILE 
Urobilin has been found in human bile post mortem by Taffe, Muller, 
Tissier, Gerhardt, Beck and Biaunstein After the intioduction of Ehr- 
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hell’s leagent, luobilinogen was found in foity-thiee of forty-six cases 
by Kiinura Neitliei is constantly present, foi in cases in winch seveie 
diariliea had occurred, or in which there had been obstruction to the 
flow of bile into the intestine, they were not found Austin and Ordway 
in a very careful study found uiobilin present in 94 pei cent of fifty 
cases with biliary fistulas in which urobilin was present in the stools 
and mine In seven eases in which no urobilin could be demonstrated 
in either the stool or urine, uiobilin ivas present in the bile in two 
Fischler found urobilin in the bile of normal dogs After establishing 
a biliary fistula and obstructing the common bile-duct, uiobilin dis- 
appeaied from the bile, but it was still found, though in diminished 
amount, in the stools 'Wlien the liver was damaged by amyl alcohol, 
urobilin appeared in considerable amounts in the bile He believes that 
the only way in which this can be accounted for is by assuming that the 
uiobilin was foimed in the livei itself 

Our experience with bile removed post mortem goes to show that the 
amount of uiobilin is extremely variable In Table 7 the value of the 
urobilin in 10 c e of bile is given in sixteen cases 

TABLE 7 — Urobilin in Bile Removed Post Mortem 

Dilution Value in 
10 c c Bile 


1 Pernicious anemia 3,940 

2 Pernicious anemia 80 

3 Pneumococcal meningitis 2 100 

4 Pyonephrosis 4,500 

5 Bronchopneumonia 650 

6 Streptodiplococcal septicemia 0 

7 Cerebral embolism 620 

S Aneurysm 300 

9 Aortic incompetence 45 

10 Diabetes 200 

11 Bronzed diabetes 1,800 

12 Caicinoma of hvei (without duct obsti action) 45 

13 Tetanus 0 

14 Carcinoma of laiynx 0 

15 Hypophysis tumor 0 

16 Adherent pericarditis and valvular disease 0 


Of these sixteen cases there were five m which no uiobilin was found 
by the method we used But if largei amounts of bile had been used for 
extraction we might have found traces, and we theiefore cannot say 
more than that the quantity was at least very small Ho relation was 
found between the length of time between death and examination of the 
bile and the amount of urobilin found In one case urobilin to a dilution 
lalue of 1,800 foi eveiy 10 c c of bile was present, although it was 
lemoved from the body within three-quarters of an hour after death 
It does not seem that post-mortem decomposition of bilirubin can pos- 
sibty explain the variations in quantity which weie found 
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On the other hand, there is no obvious connection between the nature 
of the disease and the amounts obtained We are inclined to believe 
that the degree of absorption of urobilin from the intestine pst before 
death is an important factor In the two patients with pernicious 
anemia, estimations of the amount of urobilin present in the intestinal 
contents were made, and an enormous quantity was found in the case 
which contained so much urobilin in the bile, and comparatively little 
in the one which showed a low dilution value In another case in which 
severe diarrhea had completely emptied the intestine, no urobilin could 
be detected in the bile In a dog which died four days after the common 
bile-duct had been severed and in whose intestines no urobilin was found 
there was also no urobilin in the bile, although it was found in the bile 
of normal dogs These observations bear out the well-reeognized impor- 
tance of the intestinal source of biliar}’^ urobilin, and yet exceptions aic 
sufficiently striking to make one hesitate to accept the exclusively enter- 
ogenous origin of urobilin 

In a few cases with biliary fistulas after operations for gall-stones the 
urobilin in the bile was found to increase as the bile began again to enter 
the intestine, but there was no definite qualitative relationship between 
the amount in the bile and in the stools An exception was found in one 
patient whose case is discussed later, in whom urobilm was present in 
large amount in the bile while urobilin was practically absent from the 
stools This was a case of gall-stones in which for a period of eight 
days aftei a gall-bladder fistula had been established, the total urobilin 
in the stools amounted to only 720 dilutions, while in the bile an amount 
equivalent to 35, 141 dilutions was found The stools contained no more 
urobilin than we found in a case in which there was undoubtedly a com- 
plete occlusion of the common duct Probably no bilirubin at all was 
entering the intestine Later on when the bile again passed through the 
common duct, the urobilin increased in amount in the stools to 33,216 
dilutions in seven days, but the percentage of urobilin in the bile, which 
still came from the fistula for the first four days of this period, was only 
230 dilutions for each hundred c c of bile, in contrast with 1,360 when 
there was practically no urobilin in the stools In cases of this soit it 
is difficult to avoid the conclusion that the uiobilin has been formed m 
the liver itself 

VIII UROBILIN- IN SERUai 

Urobilin is present in the intestine and is excreted in part by the 
kidneys It presumably reaches the kidneys by means of the blood One 
would expect to be able to detect it in the blood of those not infrequent 
patients in whom even more urobilin is found in the urine than in the 
stools Tet there is no point in the whole subject on which there is 
moie diversity of results and of opinions The constant absence of uro- 
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bilm fiom the serum in cases of urobilmuria was a main suppoit of the 
theory advanced by Gilbert and Herscher that urobilin was formed from 
bilirubin duiing excretion through the kidneys Even long after the 
inadequacy of this hypothesis had been exposed by the work of Muller 
and the intestinal origin of the urobilin of the urine had been geneially 
accepted, no one was able to demonstrate the presence of urobilin in the 
blood or serum Muller and Gerhardt believed that it was not present 
in appreciable amount in the blood, and Schlesinger reported fifteen 
cases of very marked uiobilinuria in which the serums gave a negative 
reaction for urobilin 

It was not until 1906 that Hubei published a leport in which he 
stated that urobilin was always found in serum when urobilin was present 
in the mine He ascribed the negative results of Schlesinger to the fact 
that he had not added Lugohs solution to the zme acetate filtrate in 
ordei that urobilinogen might be oxidized to urobdin But considerable 
doubt was east on Hubei’s results when it was pointed out that the green 
fluorescence characteiistic of urobilin might be closely imitated by 
biliverdm, and that especially after the addition of Lugol’s solution, the 
biliiubin normally present m seium might be oxidized to beliverdm 
Biffi (1907) extracted oxalated blood with chloroform, examined the 
filtrate spectroscopically and found uiobilm present in small quantities 
in a number of cases and stated that in lobar pneumonia it was almost 
constantly found Moller could not confirm Biffi’s findings as to the 
relative frequency of a positive reaction for urobilin in seium, but with 
zinc acetate and Lugol’s solution found it in only two cases, both lobar 
pneumonias, and later with Biffi’s method in two other cases, pneu- 
monia and one of pernicious anemia 

Eurther evidence of the occurrence of urobilin in serum was given 
by von Jakseh, who stated that in fatal cases of pneumonia the serum 
separated from blood removed by venesection showed a green fluorescence 
which disappeared on exposure to light Conner and Eoper (1909), 
in a study of the relation between the biliiubin in serum and urobilin 
in the urine, repeatedly and carefully examined the serums of ovei 
sixty patients with urobilmuria, with uniformly negative results, until 
the serum of a patient dying of lobar pneumonia was encountered Tins 
serum gave a markedly positive reaction for urobilin with all the 
methods In nine other cases of pneumonia shortly before death the 
seium contained large amounts of urobilin In three severe cases of 
pneumonia in which the patients recovered, uiobilin was detected in 
small amount in the serum, but in fifteen other cases in which the 
patients lived, no uiobilm was found Theie was no parallelism between 
the amount of urobilin in the serum and in the urine 
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Lelmdorf (1913) could find urobilin in only two of the serums winch 
he miestigated One was from a case of decompensated mitral stenosis 
and the other from a case of myocardial degeneration with pleurisy 
shortly befoie death Promholdt and K'ersessofi (1912) by a somewhat 
complicated method and by extracting relatively large volumes of oxa- 
lated plasma_, weie able to demonstrate urobilin in the serum of seven 
out of eleven eases with urobilin in the urine They record a doubtfully 
positive reaction in a case of occlusion of the common duct with no 
urobilin m eithei the stools or the urine The spectroscopic band of 
urobilin became unmistakable after the addition of lodin^ but they are 
inclined to think that this may possibl}'^ have been due to a conversion 
of bilirubin into urobilm 

Hildebiant (1909)^, who^ after many negative results^ found the 
spectium of urobilin in the seium in a case of pneumonia shortly before 
death, believes that urobilin normally circulates in the blood as urobi- 
linogen, because in this case the urobilin band appeared only after the 
serum had been exposed foi some time to light and air He obtamed 
a red color on mixing Ehrlich’s reagent with the serum before the uro- 
bilin had appeared Moller, though he is inclined to agree with Hilde- 
brandt, points out the teehmeal difficulties of urobilinogen recognition 
in seium, since the hydrochlonc acid piecipitates the proteins He 
obtained an apparently positive reaction in only two of his cases In 
three cases Conner and Ropei showed the characteristic red color and 
confirmed the presence of urobilinogen by finding the absorption band 
of the benzaklehyd compound But in the other cases in which urobilin 
was present they did not find any uiobilinogen 

Connei and Eoper’s spectroscopic recognition of urobilinogen is the 
only observation which can be taken as approaching to a proof of the 
piesence of this body in serum, and in view of the substances of the indol 
group which may give a spectrum very similar to that of the uiobilinogen 
compound, their statement cannot, in the absence of any data as to the 
position of the absorption band, be taken as decisive 

In fact, the evidence so fai points in just the opposite direction and 
seems to indicate that urobilin, instead of circulating in the reduction 
form of ui obilinogen, is present as an oxidation product which does not 
possess the spectroscopic characteristics of urobilin and so escapes detec- 
tion This evidence is all the stronger because it has been collected 
independently by three observers since 1903, none of whom apparently 
knew about the work of the others Emding no urobilin m the blood of 
cases in which he expected it, Schlesinger tried the effect of adding uro- 
bilin to serum and to blood He discovered that wheieas it was leadilj 
demonstrated in the serum, it disappeared in the whole blood oi in 
serum to which red hlood-cells had been added Clarens made the same 
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obseivation and in 1911 Eotli and Herzfeld confirmed Schlesmger’s 
experiment and suggested that the disappearance of the urohilin might 
be due to oxidation 

They found that oxygenated serum destroyed the urobilin and that 
in whole blood its disappearance might he delayed by carbon dioxid 
In a few cases, though not m all, they were able to demonstrate the 
presence of urobilin in serum after it had stood for from twenty-four 
to forty-eight hours mixed with finel}^ powdered zinc Since urobilinogen 
IS found in the urine of patients in whom no urobilin can be found in the 
serum, it seems that the kidneys must possess the faculty of reducing 
the oxidized urobilm They weie able to carry out only two expeii- 
nients with kidney extracts, one of which gave a definite pi eduction of 
urobilin in a seium in which it had previously been found absent It is 
noteworthy that urobilin was formed with an alcoholic kidney extiact, so 
that the process cannot depend on any vital activity in the cells 

The coDception of the oxidation of urobilm in the blood-stieam is 
strengthened when it is remembeied that the only cases in which urobi- 
lin has been with certainty found in the serum are those in which there 
was a gi’eat reduction in the available oxygen of the blood They have 
been almost without exception cases of lobar pneumonia shortly before 
death 

The effect on urobilm of the blood and tissues opens up a new field 
for investigation and it is not improbable that along these lines facts 
may be discovered which will throw light on the present obscuiit)^ 

IX ANIMAL EXPERIMENTS 
The Excietton of TJiohilxn vn Ammals 
Ho satisfactoiy estimations could be made on the stools of labbits 
or goats because the amount of urobilm was too small 

The same difficulty, though to a lessei extent, was encounteied in 
dealing with the excreta of cats and dogs Even when the extract was 
made as concentrated as possible it seldom required more than a few 
dilutions to obliterate the spectra of urobilinogen and urobilm We 
have not been able to find any systematic investigation of the pigments 
of the stools of dogs or cats, but it is known that cholecyanin,® a deiiva- 
tive of bilirubin which is not regularly present m human stools, is con- 
stantly found Possibly the greater part of the bilirubin in the intestine 
' of these animals may be excreted m other forms than urobilm Certainly 
the acid alcohol extracts of the stools contained a large amount of light- 
absorbing material, so much so as to render the urobilm band somewhat 
obscure at the low dilution at which it had to be read And not infre- 
quently other absorption bands were seen The method did not then give 
such definite and clear results as were obtained with human stools 

5 Fischler Inaug Diss , Heidelberg, 1906, p 84 
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It was soon found that such small amounts of urobilin as were 
detected varied considerably from day to day Ho satisfactory explana- 
tion for this variation was obvious, but one possible factor appeared to be 
the length of time during which the feces remamed in the intestine 
Hard constipated stools as a rule contained very little urobilin The 
folloiving experiment shows how markedly the quantity of urobilin 
increases during regular action of the bowels as compared with a period 
of constipation 

Dogs B, C and D were normal Dog A had had a biliary fistula and 
a closure of the common bile-duct At the tune of this experiment the 
fistula V as closed and the common duct was again patent Drobilin was 
present in the urine and was added to the amount in the stools The 
figures (Table 8) represent the total dilution value of the uiobilin 
excreted during ten days In the first period the dogs were constipated , 


m the second sufficient 

cascara was given 

to obtain a 

stool every day 

without giving rise to marked diarrhea 



TABLE 

8 UEOBILIN IN' 

Constipation and 

IN Eegular 

Bowel Action 


First Peiiod of Ten Days 

Second Period of Ten Days 



Nnmber of 


Number of 


Urobilin 

Stools 

Urobilin 

Stools 

Dog A 

5,640 

4 

13,120 

10 

Dog B 

14,400 

8 

19,200 

10 

Dog C 

9,200 

5 

16,420 

10 

Dog D 

12,860 

7 

37,200 

9 

In 

these four dogs the total urobilin during the period of constipa- 


tion was 43,100 and in the period during which cascara was given, 
85,940, more than twice as much During another ten-day period castor 
oil was given, and the total amount passed was 51,350, but regular daily 
movements were not obtained Constipation, therefore, in dogs dimin- 
ishes the amount of urobilin in the stools We are satisfied that this is 
true foi man also though we cannot bring forward any systematic evi- 
dence The diminution may be due either to increased absorption of 
urobilin fiom the intestine or to destruction of the urobilin If increased 
absorption were the cause, the excretion of urobilin in the urine should 
be increased In normal dogs or cats urobilin was never found in the 
urine in sufficient amount to estimate But in Dog A, in which the 
common duct had been tied and a biliary fistula made, it was found six 
months later that communication between the bile-ducts and the intes- 
tine had become reestablished and that the fistula had closed In this 
animal considerable amounts of urobilin were constantly present in the 
urine The cause of this was found at death to be an extremely marked 
cirrhosis of the livei, which had developed probably as a result of infec- 
tion through the fistula combined with the initial bile stasis 
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TABLE 9 — ^Urobilin Urine and in Stool oe Dog A 


Date 


Urobilin m Urine 

Urobilin in Stool 

Dec 

2 

160 

No stool 

Dec 

3 

248 

800 

Dec 

4 

192 

800 

Dec 

5 

224 

No stool 

Dec 

6 

21 

400 

Dee 

7 

100 

No stool 

Dee 

S 

160 

No stool 

Dec 

9 

120 

No stool 

Dec 

10 

240 

No stool 

Dec 

11 

400 

1,200 

Dec 

12 

520 

No stool 

Dec 

13 

240 

No stool 

Dec 

14 

280 

800 

Dec 

15 

80 

No stool 

Dec 

16 

200 

800 

Dee 

17 

600 

No stool 

Dee 

18 

160 

No stool 

Dec 

19 

680 

400 

Dec 

20 

480 

No stool 

Dec 

21 

500 

No stool 


Increased absorption during constipation might be expected to show 
itself in a rise of tiiobilin in the mine in this case Yet we were not 
able to establish any such increase in urinary excretion The average 
amount of urobilin in the urine on the seven days in which urobilin was 
lost fioni the body in the stools was 273, and 272 on the thirteen days 
during which urobilin was retained in the intestine This evidence would 
have been more convincing if we had succeeded in contrasting a period 
of legular evacuation with a peiiod of constipation, but on giving cascara 
it was found to be impossible to be sure of excluding contamination of 
the urine with the stools Still if the figures for the foui days from 
Decembei 3 to December 6, inclusive, during which thiee stools were 
passed, are contrasted with those fiom the 7th to the 10th when there 
weie none, it is seen that a total of 685 dilutions of urobilin were present 
in the first peiiod, and only 620 when the bowels did not act at all 

It seems probable, therefore, that destruction of urobilin plays a 
much lai ger -part than increased absorption in the diminution of urobilin 
which occurs during constipation This is only what would be expected 
of a substance which outside the body is so readily altered 

Dianhea, unless it is so pronounced as to lead to the excretion of 
unaltered bile, does not seem to have nearly so great an influence in 
diminishing the quantity of urobilin 

The total excretion of urobilin per kilogram of body-weight in dogs 
which had been kept under exactly the same conditions and on the same 
diet for a long time was determined over a period of forty-one days 
(Table 10) 
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TABLE 10 — ^Exceetion or Urobilin per Kilogea.’m or Bonr Weight 


Dog C 
Dog B 
Dog D 


Weight, Kg 
7 82 
9 95 
17 80 


Dilution Value 
Per Kg 
6,100 
5,220 
5,450 


Dog A, With cirihosis of the liver, which was also kept nnclei the 
same conditions foi the same time, and which dm mg that peiiocl 
exhibited no obvious signs of ill health, weighed 4 02 kg and excreted 
urobilin with a dilution value of 8,806 per kilogram body-weight This 
IS an inciease of 58 per cent over the average excretion of urobilin m ihe 
thiee noimal dogs It does not seem probable that an increased hemo- 
globin metabolism could account foi this It appears much moie likely 
that there was either a diminished destruction of urobilin or an inci eased 
foimation of urobilin from bilnubm Constipation was piesent to a 
more marked degree in this dog than in the others, so that the ineiease 
of urobilin was probably e\en more marked than the figures suggest A 
diminished destruction, if such occurred, must have operated in the 
body itself If one of the functions of the liver is the synthesis of uro- 
bilin absorbed from the intestme into bilirubin, an explanation of the 
increase in urobilin ex'cretion is afforded by the supposition that the 
diseased liver in this case allowed much of the absorbed uiobilm to pass 
through it into the general circulation to be excreted in the mine But 
the possibility of the increase in uiobilin being due to a formation of 
urobilin from biliiubin in the diseased liver cannot be excluded Out- 
side the body we found that urobilinogen and uiobilin were produced in 
considerable amounts in bile left at a temperature of 37 C And it 
seems possible that such a breaking down of bilirubin may occur in 
stagnating bile especially if an infection of the bile passages exists 

In attempting to follow the effect of closure of the common bile-duct 
in dogs on the urobilin excretion, a difficulty was encountered m con- 
nection with the methods we used In the alcoholic stool extracts a pink 
color was produced which apparently showed the spectroscopic absorption 
of urobilinogen That in reality it was some other substance was shown 
by the difference in the color reaction with Ehrlich’s solution and also 
by the fact that on exposure to light of the zinc acetate filtrate the 
absorption band still persisted instead of disappearing In all probability 
this substance was indol or some derivation of indol Von Moiacewski 
found that in alcoholic stools there is an increase in indol which has an 
absorption band veiy similai to that of mobilinogen 

To avoid confusion with this substance we have taken no account of 
the urobilinogen eithei before or after the closure of the common bile- 
duct This makes the total amounts given inaccurate, but oui object 
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was to see whetliei or not the absence of bile from the intestine would 
completely stop all excretion of urobilin As is seen from the two experi- 
ments repoited below, urobilin disappears for a time, but it afterward 
returns in diminished though relatively not inconsiderable amount in 
the stools In both these cases also urobilin aftei an inteival was found 
in the mine Tlie impossibility of obtaining uiobilm-free stools in dogs 
even though all bile is prevented from entering the intestine has been 
noted by Fischler Brugsch and Yoshiraoto found that urobilin reap- 
peared after an interval in the stools of a dog with biliary fistula 

OBSTEUCTION OP COMMON DUCT 
Dog E — Section of Common Duct Removed 
Icteiiis, acholic stools and bile in the mine appeared At the post nioi tern 
a distended gall-bladder and ducts were found No communication with the 
intestines A few patches of organized lymph were found on the liver and 


adhesions lound the 

lesected duct but no general peiitonitis 

Urobilin given 

as total amounts in peiiods of six days (Table 11 ) 


TABLE 11 — Total Urobilin, Dog E, 

IN Periods of 

Six Dats 


BEFORE COMMON DUCT 

CLOSURE 


Period 

Stools 


Uime 

Fust 

3,200 

2,320 


0 

Second 


0 


AFTER COJtMON DUCT 

CLOSURE 


Third 

0 


0 

Fourth 

512 


185 

Fifth 

32 


56 

Sixth 

320 


0 

Seventh 

IGO 


76 


Dog F — Section of Common Bile Duct Removed 
Uninterrupted recovery with development of jaundice At the post-moitem 
the gall-bladder and ducts were found to be greatly distended There was no com- 
munication between them and the intestine The urobilin is given as a total of 
estimated dilution value for the stools and urine passed in peiiods of siv days 
(Table 12 ) 

TABLE 12 — Total Estimated Dilution Value of Ukobilin, Dog F, in 

Periods of Six Dats 



BEFORE 

COMMON DUCT 

CLOSURE 


Period 


Stools 


Uiine 

First 


9,312 


0 

Second 


5,120 


0 


AFTER 

COMMON DUCT 

CLOSURE 


Third 


0 


0 

Fouith 


0 


0 

Fifth 


576 


396 

Sixth 


2,368 


1,084 

BILIARY 

FISTULA WITH OBSTRUCTION OP COMMON DUCT 


In thiee othei dogs the common duct was obstructed and a biliaiy fistula 
established No jaundice developed 

Here also the amount of urobilin in the stools decreased, but did not disappear 
Uiobilin appealed in the urine of Dog A, which was afterwaid found to have 
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developed a cirrhosis of the liver In the other two it was absent The nrobilin 
IS given as the total dilution values of six-day periods (Table 13 ) 

After death no communication was found between the bile passages and the 
intestine in Dogs G and H 

TABLE 13 — Total Dilution Values of Urobilin, Dogs G, H and A, in 

Periods of Six Days 



BEFORE OPERATION 


Period 

Stools 

Uime*‘ 

Dog G Fust 

1,920 

0 

Second 

1,590 

0 

Third 

TT_ _ T T « 1 

3,524 

0 


* Ui obilin n as occasionally found in the urine, but this was due to contamin 
ation with bile It was at first difficult to prevent the urine wetting the dress- 
ings and taking up some of the bile which was rich in urobilin 


Foui th 


AFTER OPERATION 

240 

0 

Fifth 


1,845 

660 

0 

SLxth 


0 

Seventh 


384 

0 

Dog H 

First 

BEFORE OPERATION 

1,744 

0 

Second 

930 

0 


Third 

632 

0 

Fourth 


AFTFR OPERATION 

64 

0 

Fifth 


176 

0 

Sixth 


688 

0 

Dog A 

First 

BEFORE OPERATION 

3,480 

0 


Second 

3,256 

0 

Third 


AFTER OPERATION 

728 

0 

Fourth 


620 

22 

Fifth 


280 

68 

Sixth 


1,260 

26 

Seventh 


632 

239 

Eighth 


720 



The presence of nrobilm in the stools after closure of the common 
bile-duct cannot he explained as due to the excretion of bilirubm into 
the intestine from the blood, for it was also found in the stools of the 
dogs m which the bile was allowed to dram out of the body and in which 
there was no increase of bilirubin in the blood The only possible 
explanation seems to be that urobilin itself was excreted from the blood 
into the intestine Wliere was this urobilin produced^ Urobilin is 
known to have formed in old hematomas in various parts of the body, 
so that the formation of urobilin from bilirubin in the tissues of the 
icteric dogs is a possibility But the fact that it also was found in the 
excreta of dogs which were not jaundiced points to the liver as the place 
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of formation, for in the dogs with biliary fistula this was the only organ 
m which bile was present TTrobilin was found in the bile escaping 
from the fistulas 

We must conclude then that in dogs the intestine is not the only site 
of origin of urobilin, but that under certain conditions urobilin is formed 
in the liver Whether oi not this is a normal function of the liver is 
another question which will be discussed later 

These experiments, though few in number and inconclusive in their 
results, are yet sufficient to show the complexity of the subject and the 
number of factors which may play a part in excretion of urobilin Varia- 
tions in the amount of formation of urobilin in the intestine or in 
destruction after it has been formed, the degree of absorption from the 
mtestme, the fate of the absorbed urobilin in the liver, whether it is 
rebuilt to bilirubin or is allowed to pass into the general circulation, the 
question as to a change of bilirubin into urobilin in the liver under cer- 
tain conditions, and the possibility of the excretion of urobilin from the 
blood into the intestine are some of the points which have to be con- 
sidered in interpreting the results 

In any case we must conclude that in dogs at least the theory of the 
exclusively enterogenous origin of urobilin does not suffice to meet the 
facts 


X CLINICAL REPORTS 

To enumerate all of the conditions in which urobilin has been found 
in excess clinically does not seem to us desirable as we wish to point out 
the significance of its occurrence in the few in which its clinical study 
has been found to be of most value The following clinical reports are 
selected from a series of observations made by us during the last two 
years 

Diseases of the Liver without Much, if Any, Inteifeience with the 
Entrance of Bile into the Intestine 


TABLE 14 — SrarMAEY of Cases 1-6 





Length of Period of 


Average Daily Urobilin 

No 

Case 

Observation, Days 

Diagnosis 

Urine 

Stools 

1 

I 

N 

53 

Portal cirrhosis 

572 

3,647 

2 

A 

F 

10 

Portal cirrhosis 

241 

3,088 

3 

C 

D 

14 

Cirrhosis ( syphilitic ) 

456 

3,451 

4 

C 

B 

30 

Bronzed diabetes 

5,800 

7 400 

5 

F 

M 

4 

Hanot’s cirrhosis 

2,034 

3,360 

6 

F 

O’B 15 

Abscess of the liver 

1,713 

4,047 


Case 

1- 

—I N , enlarged liver with ascites Red 

blood-cells about 

3,000,000 


and hemoglobin 55 per cent Remained during the time of observation in about 
the same condition Eluid was removed from the abdomen on several occasions 
Urobilin was never found in it There was a slight grade of jaundice, the serum 
on one occasion showing six times the normal amount of bilirubin One month 
after the estimations were discontinued the patient died and the liver showed 
a well-marked portal cirrhosis Chart 8 shows the urinaiy and stool excretion 
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of uiobihn The stools weie given as aveiages for penods of tliiee days to 
diminish variations due only to changes in the motor activity of the colon and 
rectum The considerable variations in the quantities in the stools and the fact 
that urobilin v as not constantly found in the urine are the noteworthy points 
in this ease 

Case 2 — A P A tj'pical case of portal cii i ohosis 

Case 3 C D Small liver, large spleen, hematemesis melena Glycosuiia 
mth polyphagia, polydipsia and emaciation Positive Wassermann 

Case 4 — C B Very much enlarged liver and spleen Ascites Pigmented 
skin Glycosuria At posl-mertem the diagnosis of bronzed diabetes was con- 
firmed by the finding of a deeply pigmented cirrhotic liver and pancreas Chait 9 
shows the great variations in the amounts of urobilin in the mine 

Case 5 — M A man aged 48 complaining of peisistent slight jaundice of 
tuo yeais’ diiiation No loss of weight. No pain General health good Liver 
gieatly eiilaiged, evtends 10 cm below costal margin Spleen much enlarged, 
piojects 12 cm below costal maigin No ascites Urine contains bile Bed 
blood cells 4,400,000 Hemoglobin 86 pei cent Negative Wassermann 


TABLE 15 — vily 

Date 

November 23 
November 24 
November 25 
November 26 


Uhobilin in Case 5 


Urine 

Stools 

1,300 

4,800 

2,950 

5,120 

1,104 

960 

2,784 

2,560 


Case 6 — F (TB Admitted with a temperature and polymorphonuclear 
leukocytosis, complaining of pain and tenderness in the right hypochondriac region 
On the eighth day after admission the abdomen was opened and a large abscess 
of the liver drained 


In this group of cases the tirobilinuria is evidently not due to an 
increased formation of nrobilin in the intestine, for the quantities found 
ni the stools are not above the noimal limits There is no evidence of 
any overflooding of the liver by urobilin derived from an increased 
destruction of hemoglobin That the abnoimal quantity of uiobilin in 
the urine is to be ascribed to the pathological changes in the liver which 
were present to a marked degree in all these cases is suggested not only 
by the constancy of the association of uiobihnuria with liver disease 
which has been noted by all observers, but also by the fact that in par- 
ticular eases it is possible to obseive the diminution and final disappeai- 
ance of urobilin fiom the mine in those eases in which an abnormal 
condition in the liver is removed The case of T O’B with a large 
liver abscess was a good example of this During the week preceding 
the opening of the abscess the average daily excretion was 2,187 Toi 
a few days after the operation the quantity in the urine remained high 
and then dropped so that the daily average for the seven days after 
operation was only 244 

It will be noted that it is not possible to exclude pronounced disease 
of the liver by a failure to find urobilm in the urine on one examination 
As may be seen from the chart of the case of I H (Chart 8, Case 1), 
who had a veiy marked cirrhosis of the liver, there was a period of five 
days during which no urobilin could be detected And even in the 



Chart 8 — Urinary and stool excietion of urobilin. Case 1 
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Chart 9 — ^Urinary and stool excretion of urobilin. Case 4. 
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patient C B , m whose nrme there was as a rule such a large amount 
of uiohilin^ none was found in one twenty-four-hour specimen The 
fluctuation in the quantity of urobilin from hour to hour and from day 
to day makes it imperative to take the average of a series of twenty-four- 
hour specimens before an idea can be obtained as to the grade of urobi- 
linuria m any particular case 

The study of a large series of eases of liver disease along these lines, 
with concomitant estimations of the urobilin m the stools and in associa- 
tion with other tests of hepatic efficiency, will be necessary before it is 
possible to say whether or not the degree of urobilinuria may be taken 
as an approximate guide to the amount of impairment of liver function 

Cases in Which Fait of the Bile Entered the Intestine and Part Left 
the Body through a Gall-Bladdei Fistula 
TABLE 16 — SusiMART of Cases 7 and 8 
Length of Period of Average Daily Urobilin 

No Case Observation, Days Diagnosis Bile Urine Stools 

7 A R 18 Cholelithiasis 788 0 4,240 

8 B H 13 Chronic cholecystitis 1,505 0 2,669 

Case 7 — A R This patient was operated on for relief of dyspeptic symp 
toms No icterus A thickened gall-bladder containing a large stone was found 
The gall-bladder was drained There was no jaundice following the operation 
Case 8 — ^B H Operated on for symptoms of dyspepsia No jaundice before 
or after operation A moderately thickened injected gall bladder with adhesions 
was found and drained 

I 

In these cases there was no obstruction to the flow of bile through 
the common duct, and only a part of the bile escaped from the fistula 

The urobilin found in this fraction of the bile is of interest in con- 
nection with the question as to how much of the urobilin is simply 
excreted again into the intestine after absorption by the portal blood- 
vessels To judge from these two cases, it would appear that a very large 
part of the absorbed urobilin is excreted into the intestine unchanged 
But it must be remembered that neither of these was a normal case, and 
that the possibility of the formation of urobilin in the liver itself existed 


Complete Obstrurtion to the Entrance of Bile into the Intestine 


TABLE 17 — SuAiiiABT OF Cases 9 12 
Length of Period of Average Daily Urobilin 

No Case Observation, Days Diagnosis Urine Stools 

9 F W'^ 34 Carcinoma of hepatic ducts 0 178 

10 GW 5 Carcinoma of stomach 0 0 

11 AM 6 Carcinoma of pancreas 0 0 

12 B M 3 Carcinoma of duodenum 0 0 


Thirty-five gm of dried bile were given to this patient by mouth in an 
attempt to confirm Muller’s experiment in which he succeeded in producing 
urobilinuria in such eases No urobilin appeared in the urine, but this may have 
been due to the form in which the bile was given Fromholdt also obtained 
negative results with various preparations of bile and found that it was neces- 
sary to give fresh bile as Muller himself did Some of the urobilin found may 
have been derived from bile given by mouth, but it was also found before it was 
taken and also more than two ueeks afterward 
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Case 9 — F W This was a case which we have alieady repoited in which 
theie was a large liver, deep 3 aundice and clay-colored stools At the post- 
mortem a large carcinomatous mass in the liver was found to have completely 
obstructed the hepatic duct 

Case 10' — G- W Jaundice had been present for two weeks befoie the estima- 
tions were made Afterward, at operation a pyloric caicinoma obstructing the 
common duct was found 

Case 11 — A M Deep jaundice of several months’ duiation Post mortem 
a seirihous carcinoma of the pancreas was found 

Case 12 — B At opeiation, a carcinoma of the duodenum was found which 

completely obstructed the ampulla of Vater 

In these fonr cases, no bile was entering the intestine except such 
traces as might he excreted from tlie blood Bile was present m all tlie 
tissues of the body, and practically the only mode of excretion was 
through the urme 

The law of the enterogenous theory of the origin of urobilin, that 
without the entiance of bile into the intestine, no urobilin is formed, is 
borne out by the last three cases but not by the first 

In itself, we should not have been inclined to attribute much impor- 
tance to this exception, if it had not been that Fischler and we ourselves 
had found uiobilin in the stools of dogs with closed common ducts, and 
that several observers (Gerhardt, Hoppe-Seyler, Tsuchuya and Fischer 
and Meyer-Betz) have even found urobilin in the urine when no bile 
was entering the intestine 

Our method gives positive results m the urine only when the amount 
is distinctly larger than normal, so that urobilin may veiy well have 
been piesent And it is noteworthy that we found urobilin in the fluid 
removed post mortem from the broken-down cancer tissue in the liver 

In the other three patients in whom no urobilm could be detected in 
the stools, the liver itself was not directly involved It seems, then, that 
this case gives some evidence in support of the hypothesis that the 
diseased liver may itself form urobilm 

Cases in Which theie was Ohsiiuciion to the Entiance of Bile into the 
Intestine and in Which Bait of the Bile Left the 
Body through a Gall-Bladder Fistula 

TABLE 18 — Summary of Cases 13 and 14 

Length of Period of Average Daily Urobilm 

No Case Observation, Days Diagnosis Bile Urine Stools 

13 A II 5 Cholelithiasis 0 0 0 

U E W 8 Cholelithiasis 5,856 640 160 

Case 13 — A R Admitted with typical signs of acute cholecystitis Slight 
icteius but no bile in the urine The gall-bladder was drained For the first 
few days the jaundice deepened and bile appeared in the urine Thereafter, 
it diminished and on the fifth day after operation the urine was free from bile 
On the seienth day no icterus could be detected 
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Case 14 — E W The patient -was opeiated on for symptoms of gallstones 
There nas no jaundice A stone was lemoved from the common duct and the 
gallbladder diained After the operation there was deep jaundice, acholic stools 
and bile in the mine 


In botli of these patients the manipulations duiing the opeiation 
caused a closuie of the common duct, and the diainage through the 
fistula was not sufiSciently free to pi event the occuiience of jaundice 
There uas, therefore, a complete or almost complete obstruction to the 
passage of bile into the duodenum combined with the escape of a pait 
of the bile through the gall-bladder fistula 

Though clinically so similar, there is nevertheless, a leinarkable 
contrast in the uiobilm figures The patient A R might be cited as an 
excellent example in support of the purely enteiogenous origin of uio- 
bilin, while the patient B W appears to offer very strong evidence in 
suppoit of the possibility of the foimation of urobilin in the liver under 
certain conditions 

The subsequent course of urobilin excretion in these two cases appears 
to be worthy of mention, and for this purjiose it is most convenientlv 
divided into periods corresponding with changes in the biliary excretion 


In Case 13, dm mg the days immediately following the operation, when bile 
was still present in the intestinal tract, considerable amounts of mohilin ueie 
found in the urine and some in the bile (Table 19, fiist period ) Thereaftei, 
during the time in which there was jaundice, acholic stools and bile in the mine, 
urine, no urobilin was found either in the bile or urine (Table 19, second 
penod ) 

In the thud period, the jaundice diminished, the stools became coloied, and 
with this urobilin reappeaied in the bile and urine 

The fourth peiiod seemed to illustrate the effect of recovery of the liver func 
tion, for as the patient’s condition improved, the mobilin was found to diminish 
and at last disappear from the urine in spite of the fact that iiioie bile vas entei 
ing the intestine because of the lemovel of the gall bladdei drain 


TABLE 19 — ^UnoBiLiN in Case 13 


Period and Date 

Bile 

Urine 

First 

432 

1,270 

Second 

0 

0 

Third 

492 

1,240 

Fourth — 

April 1 

144 

704 

April 2 

18 

864 

April 3 

1 

656 

April 4 


448 

April 5 


0 

April 6 


0 

Fifth — 

May 1 

0 

0 

hlay 2 

0 

1,224 

May 3 

0 

3,900 

May 4 

84 

4 480 

hlay 5 

36 

7 800 

May 6 

120 

5 040 

May 7 

224 

1,700 


* No stools 
f Dram removed 
J Stool lost 


Stools 


0 

5,896 

0 

1,600 
7 680 
8,960 
7,680 
6,400 

160 

240 

64 

t 

19 540 
6,784 
9,230 



BAT L WILBVR—TEOMAS ADDIS 


273 


Tlnee Meeks later the patient letuined with recurrence of the cholecystitis 
and at least a partial blocking of the common duct On May 1 the fistula was 
leopened and much bile, mucus and pus escaped Uiobilm, present at first in 
very small amounts m the stools, increased in the next few day^s and urobilin 
leappeaied in the urine and bile (Table 19, fifth period ) During the whole 
of the nevt month during Mdnch the patient was under obseivation, uiobilin was 
piesent in considerable amount in the mine, as if during this second attack, the 
livei had suffeied some more lasting damage Subsequently, though sometimes 
found in small amounts, it was often absent 

This ease, tlierefoie, supports what may be called the orthodox theory 
of the necessity of the presence of hile in the intestine for the production 
of uiohilm, and also may be taken as illustrating the effect of damage 
to the livei on the urinary excretion of urobilin 

On the other hand. Case 14 cannot he reconciled with the exclusively 
entei ogenous oiigin of urobilin and is the clearest instance we have 
encountered of the necessity of admitting that, at any rate in some cases, 
urobilin may be pioduced elsewhere than in the intestine 

During a time when the stools weie colorless, the skin jaundiced, and 
the mine laden with bile, that is to say when everything pointed to the 
piactical absence of bile from the intestine, there was a very large excre- 
tion of uiobilin m the bile and a not inconsiderable amount in the urine 


TABLE 20 — ^Ubobimu tn Case 14 


Pei lod 

Bile 

Urine 

Stools 

First 

5,856 

640 

160 

Second, ( average daily 
eveietion) 

1,176 

5D2 

3,625 


Duimg the next eight days, urobilin leappeaied in the stools and the 
jaundice diminished, but the urobilin in the bile and mine, instead of 
inci easing as one might have expected, decreased in amount 

It seems most probable that in this case the urobilin in the urine 
during the first period was absorbed by the blood-stieam from the uro- 
bilin in the bile and excreted through the kidneys The diminution dui- 
ing the second period, in spite of the reentrance of bile into the intestine, 
may perhaps be ascribed to a deciease in the formation of uiobilin by 
the livei, as it began to recover its normal functions In any case, the 
iaige amount of urobilin in the bile cannot have been absorbed from the 
intestines 

If, in such cases as these, a maiked urobilinuria may be present in 
spite of the total or almost total absence of urobilin from the intestine, 
it M'ould seem to be likely that in all cases of urobilinuria in liver diseases 
some pait at least of the urobilin has an extra-intestinal origin 

Case 15 — A H Permcious anemia During tlie period in wliicli estimations 
were earned ont, tlie red blood-cells varied from 1,300,000 to 1,800,000 and tlie 
hemoglobin from 31 to 38 per cent 

Case 16 — A T Pernicious anemia The red blood-cells numbered 1,000,000 
and the hemoglobin M'as 28 per cent 



274 


THE ARCHIVES OF IHTERFAL HEDICIRE 


Diseases Associaied with Changes in Hemoglobin Hetalohsm 




TABLE 

21 — SoitiiABv or Cases 

15-19 




Length of Period of 

Average Dailv Urobilm 

No 

Case 

Observ ation. Days Diagnosis 

Urme 

Stools 

15 

A H 

25 

Pernicious anemia 

470 

24 977 

16 

A.T 

12 

Pernicious anemia 

1058 

22 014 

17 

E P 

4 

Secondarv anemia from 





intestinal hemorrhage 

0 

2,400 

IS 

L S 

4 

Primarv poivcvthemia 

1,849 

3 240 

19 

H L 

7 

Secondary poivcvthemia from 





asthma and emphysema 

806 

10,011 


Case 17 — P For ele^en years tlie patient had had bleeding from the bowel 
The stools were sometimes tarrv, sometimes contained bright red blood l\o 
cause was found even after the abdomen was opened At the time of observation 
the red blood cells varied from 2,100,000 to 2 550 000 and the hemoglobin from 
27 to 29 per cent Hemorrhage ceased after a Whitehead operation and the 
patient entirely recovered 


TABLE 22 — Hnomux tn Case 17 


Date 

Erine 

Stools 

November 23 

0 

5120 

November 24 

0 

* 

November 25 

0 

2 560 

November 26 

0 

1920 


* Xo stool 

CvsE 18 — S Noticed a bluish tinge in her face and hands three vears ago 
During the time of observation the red cells numbered from six and one-half to 
seven and one half millions and the hemoglobin was over 110 per cent No nonno 


blasts V ere found There was no 

splenic enlargement 


TABLE 23- 

— XJROBims- IX Case IS 


Date 

Urine 

Stools 

September 5 

4 455 

800 

September 6 

1 560 

8 960 

September 7 

1 080 

3 200 

September 8 

360 

♦ 


* No stool 


Case 19 — L Asthma and emphvsema since childhood Marked and con 
stant cvanosis At the time of observation there were 7 S50 000 red blood cells, 
and 120 per cent of hemoglobin Tliere was no fever and the general health oi 
the patient was as good as it ever had been 


TABLE 24 — ^Ukobh-tx i:v Case 19 


Date 

Urine 

Stools 

September 2 

980 

8 000 

September 3 

2 016 

14 OSO 

September 4 

0 

11 520 

September 5 

864 

8 000 

September 6 

0 

9 600 

September 7 

900 

4 480 

September 8 

SSO 

14 400 


Peniicio^is Anemia — The aiuounts of urohihii in the stools of these 
two patients on whom a careful study was made are much higher than 
we have found in any other condition, although in neither of them va- 
there any acute Wood crisis during the time of ohservation The 
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quantity in the urine was not very great, hut in two other patients from 
whom the stools could not be obtained for examination, very large 
amounts were found, corresponding to 4,895 and 16,800 dilutions 

That the increase of urobilin in the urine is m the mam due to an 
overburdening of the liver with an excessive amount of urobilin absorbed 
from the intestinal tract, and not to a primary functional deficiency of 
the liver, is most probable 

The maiked mcrease of urobilm in the stools is of special interest as 
evidence of a distinction between those forms of anemia associated with 
a great increase m hemoglobin metabolism, such as the cases of per- 
nicious anemia we have cited and others, such as the secondary anemias 
following hemorrhage and carcinoma, m which the low urobilin content 
of the stools mdieates a diminished destruction of hemoglobin 

Secondary Anemia — ^It is especially m cases of secondary anemia 
that combined urobilin estimations m the urine and stools ought to 
afford mteresting and valuable results 

The case of secondary anemia from hemorrhage which is given above 
affords a strikmg contrast when compared with the cases of pernicious 
anemia Other cases m which secondary anemia was a complication of 
some other condition such as carcinoma, showed a diminution rather 
than an mcrease in total urobilin excretion 

On the other hand, the case of H D , who had a diplostreptococcal 
endocarditis, may be cited as an example of an anemia due to mereased 
blood desti’uction During the first twenty-six days the average excre- 
tion in the stools was 13,841, twice as great as the normal average, and 
there was a dilution value of 781 m the urine Duiing the next seventeen 
days there was a fall m the stool excretion to 7,801 and in the urine to 
669, although there was no increase m the percentage of hemoglobm or 
red blood-cells The estimation of red blood-cells and hemoglobin can 
give no adequate guide as to the total turn-over of hemoglobin in the 
body, but an approximation to this may be obtained by urobdm deter- 
mmations in the urine and stools In cases of anemia of unknown origin, 
the finding of an mereased urobilin excretion might be of diagnostic 
importance in directing attention to the search for some active blood- 
destroying agent as the cause 

Polycythemia — The case of primary polycythemia gave unexpected 
lesults The urobilm m the stools was low mstead of bemg increased, 
and at the same time there was a very considerable amount of urobilm 
m the urine, although there was no evidence of any liver disturbance 
The finding of urobilm m the urine of the patient with secondary 
polycythemia was also unexpected 

Both these patients were maikedly and constantly cyanosed, and 
when the connection between cyanosis and the presence of urobilm m 
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the serum is recalled, the question rises as to wliethei, under normal 
conditions, a part of the urobilin absorbed from the intestine may not 
escape the liver and be changed in the blood, except under certain 
conditions, such as a diminution in the percentage of oxygen, when it 
might be excreted in the urine 

Unfortunately, we have not had an opportunity of following up this 
point in othei cases with cyanosis 

Mtscellaneous Cases 

In a large number of patients with various disorders, no pathological 
increase in the urobilin in the mine was found 

In some, however, who showed no evidence of gross anatomical disease 
of the liver or of great blood destruction, considerable amounts of uro- 
bilin were present in the urine One of these, a case of alcoholism, is 
of inteiest 

The patient was 59 years old and had suffered from attacks of acute 
gout for forty years There were laige urate deposits round the joints 
At the time of observation, he was recovering from a prolonged spell of 
drinlang, and was m a condition of great prostration with complete 
anorexia and vomiting There uas some edema of the legs There was 
no liver oi splenic enlargement A few months later he died suddenty, 
but the cause of death was not ascertained 

Unfoitunately, satisfactory collections of the stools could not be 
made, but the amount of urobilin appeared to be very low On one day 
no urobilin could be detected and on two others amounts of 216 and 

I, 7^8 weie found 

The urine over a period of nine days showed a daily average of 1,292 

In the absence of any indication of gross liver disease, the most 
probable inteipretation of the appeal ance of the large amounts of uro- 
bilin in the urine in this case is to be found in damage to the functional 
efficiency of the liver by excessive amounts of alcohol 

In a patient with a huge reti operitoneal sarcoma who was cachectic 
and feverish, the average urobilin excretion in the urine was 1,64:5 and 

II, 893 in the stools A case of carcmoma of the stomach without any 
metastases in the liver had an amount in the urine corresponding to 
794, and 4,576 in the stools 

These eases are more difficult to interpret than two others in which 
there were very large masses of cancerous tissue in the liver, in both of 
which urobilin was found in great excess in the urine 

The patient with cardiac decompensation and swollen liver, whom we 
mentioned in our first paper, had an average of 2,682 in the urine and 
8,619 in the stools 

Three cases of effusion of blood into the tissues were exammed, but 
cannot he said to throw any light on the question as to whether or not 
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urobilin in the mine may have its origin in the breaking down of 
liemoglobin outside the vessels One was a case of l 3 nnphatic leukemia 
with hemoiihages into the pharynx, gums and orbital cavities There 
was no urobilin m the urine and only 2,792 in the stools 

In a case of caseous tuberculous peritonitis with a large amount of 
blood in the peiitoneal cavity there was an average urinary excretion of 
l,264r, and in a laige pulmonary hemorrhage in a case of compensated 
mitral stenosis there was an average of 415 in the urine and 15,106 in 
the stools There are too many other possibilities which might account 
for the urobilin m the urine m the two cases in which it was present 
Cases of complete occlusion of the common duct with large hemoiihages 
aie the only ones by winch it is possible to decide tins point 

A disturbance of liver function is, of course, a possibility which is 
difiScult to exclude in almost any case, but it does not seem justifiable at 
present to attribute every case of excessive excretion of urobilin in the 
urine without increase in the stools to this cause alone 


XI COlsmLTJSIOIs^S 

A General 

1 The intestinal foimation of urobilin fiom the decomposition of 
bile present uatlnn the bowel is the usual mode of origin In complete 
closure of the common duct due to carcinoma, for instance, theie is 
usually absence of urobilin from the urme, bile and stools 

2 There is evidence that the diseased livei may originate uiobilin 
either directly as a product of its cells, oi indirectly fiom decomposition 
of bilirubin within the bile passages Thus, patients m whom no bile is 
leaching the intestine, may nevertheless show urobilin in large amount 
in the bile, and to some extent even m the urine and stools if the liver 
itself IS diseased oi functionally deficient The urobilin in the urine 
and stools of such cases must be due to excretion fiom the blood of 
urobilin absorbed from the liver 

The usual sequence in hemoglobin metabolism may be represented 
as in the accompanying scheme 


SciiEMAaic Eeppesentation of Usual Sequence in Hemoglobin Metabolism 
Lwer BtJe Passages IntesUne 

Hemoglobin — ^Bilirubin >Urobilin 

Iniesiine Poital Blood Stream Liver 

Part Excreted Part excreted in bile 

/ / 

Urobilin ^Urobilin (Form’) — ^Bihiubin ^Hemoglobin (’) 


\ 


ai t Destroyed { ’ ) 


\ 


Part earned in general circulation to 
kidneys and excreted -wliolly or m part 


On this hypothesis, bilirubin is broken down to urobilin in the intes- 
tme and the absorbed uiobilin is synthesized in the livei to bilirubm and 
perhaps by a leieise action again to hemoglobin 
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Under abnormal conditions in the liver, formation of bilirubin from 
the absorbed urobilin from the intestine may fail, and further there may 
be a reduction of bilirubin to urobilm in the liver itself, a reversal of the 
normal process 

Under these circumstances, the accumulated urobilm in the liver will 
be absorbed by the blood-stream and excreted in the urine 

3 An increased quantity of urobilm m the stools indicates mcreased 
blood destruction 

In such cases, urobilm may appear m excessive amount in the urme 
apart from any obvious disease of the liver, because the quantity of 
uiobilm carried to the liver from the intestine being so much mcreased, 
the fraction earned past the liver mto the general circulation and so 
to the kidneys is sufficient to lead to an obvious urobilmuria 

4 There is a close association between increase of urobilm in the 
urine and disturbance of liver function But even if increased blood 
destruction is excluded by urobilm estimations m the stools, it is not at 
present possible to regard the amount of urobilin in the urme as an 
approximate guide to the functional efficiency of the liver The occa- 
sional occunence of large amounts of urobilm in the urine of patients 
in whom there is no reason to suspect damage to the liver, the great 
and irregular fluctuations of urobilin excretion in cases of liver disease 
from houi to houi and from day to day, and the want of knowledge as 
to the fate of urobilm in the blood and tissues make it necessary to 
recognize that there may be othei factors besides the condition of the 
liver and the amount of blood destruction which influence the excretion 
of uiobilin in the urme 

B Chmeal 

Before discussing the clinical importance of the phenomena of uro- 
bilin elimination, we should like to draw particular attention, (1) to the 
insufficiency of our present quantitative methods of urobilm estimation 
especially in the mine, and to state that they undoubtedly will be veij 
difficult to overcome because of the marked instability of the group of 
substances included under this name, and (3) to the value, until now 
insufficiently appreciated, of estimations of urobilin m the stools as a 
guide to the amount of blood destruction in the body 

The interpretation of urobilm findings m the urine is mteresting 
but at present somewhat problematical, whereas the determination of an 
increased intestinal excretion rests on a much firmer basis, and should 
yield results of diagnostic importance 

Since this work was undertaken with the primary object of finding 
out just how much significance should be attached to the presence of 
abnoimal quantities of urobilin and urobilinogen in the excretions in 
ordmaiy clinical work, we shall summarize briefly our conclusions, basing 
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them on onr own expenmental studies, clinical observations and a fairly 
exhaustive study of the literature The difficulty of t'he problem has 
been to form a judgment as to how far one is able clinically to make 
assertions from the data at present obtainable To choose the essential 
facts fiom the maze of non-essential detail and from the numerous 
observations made to substantiate a previously accepted theory has been 
difficult ISrevertlieless, we feel that we are within safe limits in the fol- 
lowing conclusions as to the significance of the presence of abnormal 
quantities of urobilm in certain pathological conditions 

1 Hepatic Gurhosis — ^Urobilinuria is of marked value as evidence 
of 'a definite pathological change in the enlarged liver of alcoholic 
persons and occurs almost constantly in the hypertrophic stage of hepatic 
cirrhosis In our cases, we did not find any increase of urobilin in the 
stools While in advanced cases, pait of the uiobilm in the urine may 
be derived from the formation of urobilin from bilirubin in the liver, it 
IS probable that as a rule it is due to failure on the part of the liver to 
synthesize to bilirubin, the urobilin brought to it from the intestine 

2 Hepatic Stasis — Estimations of urobilin in the urine are of value 
in ]udging the amount of damage done to the liver parenchyma by 
chrome passive congestion Hence, a marked increase of it is of ominous 
prognostic significance in cardiac decompensation 

3 Jaundice — ^IJrobilmuria is absent or insignificant in cases of 
obstructive jaundice Its intermittent occurrence points to an incom- 
plete obstruction with concomitant damage to the liver It is present m 
the icterus of cases of increased destruction of the red blood-cells Care- 
ful studies for urobilm should be made in suspected cases of chloroform 
poisoning, acute yellow atrophy and other similar conditions in which 
the liver is apt to be damaged 

4 Malaria — The great mcrease of urobilin in the stools and the 
urobilinuria which occurs in severe cases of malaria is of diagnostic 
importance in obscuie febrile conditions The persistence of urobilm- 
uria after malarial attacks, when there is no fever and no increase of 
uiobilm in the stools, can be taken as evidence of some complication 
such as hepatic cirrhosis or abscess 

5 Anemias — By means of urobilm estimations in the stools and 
urine, those forms of anemia associated with an increased blood destruc- 
tion may be differentiated It is probably m this field that the most 
valuable clinical results will be obtained The contrast between the 
very large total urobilm elimination m our cases of pernicious anemia as 
compared with the small amount found m secondary anemias following 
hemorrhage or carcmoma was very stnkmg 

6. Pneumonia, — slight increase of urobilm with additional amounts 
at the time of resolution does not indicate a severe damage of the liver 
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paiencliyma in this diseasa It is piobably duG to a clogging of the 
liver with the pioduets of resolution and absoibed hemoglobin fiom the 
aSected lung A study of the curve of this elimination may be of value 
in ceitain pneumonias Allowances must always be made for othei 
factors such as constipation, diarihea and the inability of the kidney to 
eliminate urobilin readily in the presence of a complicating seveie 
nephritis The early appearance of large quantities of urobilin m the 
urine in pneumonia, paiticularly in the presence of jaundice makes the 
piognosis giave The occurrence of urobilin in the serum of pneumonia 
patients is of the giavest prognostic significance It is recognized 
appaiently by our present methods only in the presence of a degiee of 
cyanosis markedly unfavorable to the life of the individual 

7 Carcinoma — Except in those cases in which there is practically a 
complete disappearance of urobilin fiom the excretions, due to an 
obstruction of the common duct fiom carcinoma, we have not found its 
estimation in carcinomatous cases to be of evident elmical value 

8 Infections — In infectious pioeesses causing parenchymatous 
changes in the liver or accompanied by hemolysis, urobilin estimations 
are of definite value in estimating both of these factors in any given 
case There is appaiently an approximation between the urobilin excre- 
tion in the mine and feces and the amount of blood destruction In 
such infectious processes as amebic colitis, the appeaiance and constant 
presence of urobilin may be of marked value in indicating the piesence 
of inflammatory liver conditions, particulaily abscess 

9 Scailet Feoei, Measles — The majority of measles cases piesent 
urobilinuria m excess, but, as might be expected, the amount is less and 
the duration shorter than in scailet fevei with its more definite damage 
to the hepatic cells 

10 Decompensation — As indicated previously, marked urobilinuria 
IS indicative of pathological change in the liver in the stasis of decom- 
pensation This ciiculatory stasis calls for the use of increasing amounts 
of hemoglobin within the body and is associated with a greater produc- 
tion and elimination of biliiubin leading to an inability on the part of 
the overburdened and congested liver to modify the abnormal amounts 
of urobilin reaching it A return of compensation is often indicated 
by the disappearance of a qualitative urobilinogen oi urobilin test 
Decompensations in markedlj'^ anemic peisons are not so apt to be accom- 
panied by increased amounts of urobilin until very profound stasis 
occurs 

11 Nephritis — Severe nephritis of various types, even in the pie^- 
ence of increased production of urobilin, may prevent definite uiobilin- 
uria Large amounts of urobilin in the urine may be taken as indirect 
evidence of a certain degree of efficiencj'^ in the renal ejntlielium 
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THE EFFECT OF HEAT OH BLOOD-PRESSHRE 


L H NEWBURGH, MD,t and C H LAWRENCE, MD 

BOSTON 

In most infections disease there is a progressive fall in hlood-pressnre 
dnnng the course of the infection This fall has been attributed to a 
wealmess or insufficiency of the circulatory apparatus In 1899 Romberg, 
Passler, Bruhns and Muller’- investigated the cause of this presumed 
weakness by means of animal experiments They reached the conclusion 
that the myocardium was not at fault but that the toxin of the infection 
caused a grave injury to the vasomotor center in the medulla, and that 
the low pressuie was due entirely to an abeyance of the function of this 
center Since that time it has been generally held by clinicians that the 
height of the blood-pressure in the infectious diseases was a measure of 
the tone of the vasomotor center, that low readings were evidence of 
the failure of the center and were an absolute indication for therapeutic 
procedures which stimulated the center 

During the past year one of us (L H. H ) has been studying, at the 
Massachusetts General Hospital, the therapy of the circulatory disturb- 
ances in the acute infections based on these principles The results, on 
the whole, have been such that it seemed desirable to reinvestigate this 
phase of the problem 

Increased body temperature is a symptom of all infections Romberg 
and Passler’- failed to eliminate the effect on the blood-pressure of this 
constant factor It therefore remains undecided whether the hypotension 
observed by them was due to toxins, fever, or both 

In the experiments on which this paper is based the effect of increased 
body temperature, in the absence of infection, was studied in order that 
its importance as a factor in causing the lowered blood-pressure of infec- 
tion might be determined 

Halliburton in 1901^ pointed out that all tissues contain a protein 
which coagulates between 45 and 50 C (113 and 122 F ), that during 

Erotn the Department of Medicine and the Laboratory of Physiology, 
Haivaid Medical School 

^ Submitted for publication Oct 6, 1913 

t Working under the Dalton Scholarship, Massachusetts General Hospital 

1 Romberg, Passler, Biuhns and Muller Experimentelle Untersuchungen 
ubei die allgemeine Pathologic der Kreislaufstorung hei acuten Infections- 
krankheiten, Arch f klin hied , 1899, Ixiv, 652 

2 Halliburton, W D Chemical Side of Neivous Activity, Croonian Lec- 
tuies, London, 1901, p 42 
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heat rigor the fiist shortening of mammalian mnscle occurs at 47 C 
(116 6 1?). and that it loses its irritability — ^that is, is physiologically 
dead — at that point Marinesco^ has shown that a temperature at 45 C 
(113 P ) kills animals in from one to two hours, and 43 C (109 4 F ) 
in a longer time, and that the occurrence of death is coincident with the 
bieakdown of the nerve-cells Halliburton- found that saline e\traeis 
of biains kept at a temperatuie of 44 C (11 2 F ) show a precipitation 
of globulin after two houis When the temperature is 42 C (107 6 F ), 
the precipitation occurs in from three to four hours A temperatuie of 
from 40 to 41 C (from 104 to 105 8 F ) causes no coagulation after 
eight hours Thus we see that degrees of hypeitheimia occasionally 
seen in infections cause morphological changes in nervous tissue, and 
that lower temperatures produce effects identical with higher ones if the 
foimer obtain ovei longer periods of time 

One of the factors which is necessary to maintain an efficient blood- 
pi essuie IS a constant constriction of the arterial tree To maintam this 
constiiction there must exist not only an active nervous system, but also 
smooth muscle capable of responding normally to stimuli The relaxing 
effect of heat on smooth muscle is well known and must be taken into 
account when considering the effect of heat on blood-pressuie It has 
lecently been noticed by clinical obseivers^ that the blood-pressure is 
loweied duiing the application of heat in the form of hot baths oi 
similar maneuvers in nephritis, etc It is not known whether the 
body temperature was raised as a result of this foim of treatment 

Oui experimental procedure was as follows Eabbits and eats were 
anesthetized with urethane (ethyl carbamate) employed in a dosage of 
2 gm per kilogiam, given by stomach-tube Occasionally an additional 
gram of methane Avas required in ordei to obtain complete anesthesia 
Blood-pressure was written from the carotid artery by means of a mer- 
cury manometei The animals were^ placed in a copper tank winch 
contained sufficient water at body tempeiature to cover the animal except 
its head The water ivas heated by means of an insulated electric resist- 
ance-coil in the bottom of the tank The temperature of the water and 
the animaFs leetal temperature were recorded Fourteen experiments 
were pei formed 

In the first group of experiments the temperature of the animals was 
rapidly raised The first effect of the heat was a progressive rise in 
blood-pi assure At a temperature of between 108 and 110 F, var3ing 

3 Marinesco Quoted by Halliburton 

4 Lawrence, C H The Effect of Pi essure Lowering Drugs and Therapeutic 
Measures on the Systolic and Diastolic Pi assures in Man, The Aechiaes Im 
Med , 1912, ix, 409 



11 NE^\BURGH—G H LAWRENCE 


k: 


W bo O' fen O a; m 5 , r- 

p, a, s 


+3 p 
p< 

2 a 


a § 


p^-BpattHp^ioSP 


B 2 2 s p 
to rt S ^ 

“ H ^ « fc-i 

2 fS) « tS ^ 

^ tk, I § 
to- ^ ^ 

M 1 “? 2 


0 ) O 

'S C ^2 


_ -*^ 

•4' 

0 

G 

c 

CO ^ 

0 

> 

s ^ 


g 

0 

0 ^ 

P4 

0 

6 § 

0 


0) 

^ rS 5 

CO 

a; 

CO 

S 2 

-4^ 

I'-. 

per 

1 

0 -srS 
-4J G 

cs 5 

0) 

a) 

CO 

0 

to 

CO 

(T^ 

(•^ 

1 

CO g: G 

0 r-. 

3 





c> o 

c B a 

^ C O -w 
^ B 4:3 § 
^ " fcO”^ 

i- i T 


o " p >, 4, 

i = 5 -^1 

4:3 O 2 '^'p Pr^S-S 

n^tu ogg-^^S 

<dS ®_lfi tojj 
^ E;'^ Ow-i ci 


> ^ a 

o ^ ^ 


'3c I ^ g 

O CZ ^ -4^ 

S ^ o 5^ 

^ p.'ti ^ !S 


O) G s 5 CO ^ 0) 

0 ) ^ CO "5 S; 

e> -4^ P o ‘i’ ® S 

^ ^ 5=1h I! 


<l> *4^ rf s S S 

^ 2 0) G ^ 

2 5 2 a g 

O , H O ^ O 0) 

O tB O) tB B Bi 

2 S'*" 3 s"o- 

o p " ^ c o 


4^ O O . ^ z 
1^ pLt C O 
o a> CO ^ 

p P ^ ^ 5 'B 


3# B ■*^ r 

^ "S ^ bD = 

3 : ° >> 2 


«^SpS- 5 SbS 2 

2 ®s| 2 S”^hn 

-“cBtog-pgpcs^ a 

B ” 2 : s p g P ||fi, 
-SS^Soo^BtaSI 

-B -S t? i S f^'ro B [v^ 
o) 

§!-■§ p'rt'2''^ Po' 

ra^^i^atna) m 
2 oBa-'HBiSP-SS^' 

i Is a 


^ 2 d 

s -S o 2 


I P~„, B^cuaj^'g 

C 1 h-M' 4 J>— •Qjrt S'— 

^ a ^ I tB ^ p 

. 22 pb®§S 'Spg' 

f-^ /-» '^»xj't!^_jj >H,— . c^’ 

CO ^ rt ^ 

£“ 21^2 S ^ a i- 

P'^PhG^COOS r^C 0 - 4 J 

o oJ^-M o oEr^r^< 


letoie the effect of asphyxia was tiied It was constantly iiieeulai 
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the 111 dividual, the piessiire began to fall and continued to do so 
until the end of the evperiment E\peiiment 10 is cited in detail as an 
example of this gioup 


Experimcnt 10 — July 28, 1913, a female cat weighing 4 kg iias given 8 gm 
of methane hj stomach tube at 10 a m A cannula was inseited into the left 
caiotid aiteiy, and a cannula into the trachea A theimometei was inserted as 
high as possible into the rectum The animal was transfeired to the tank con 
taming uatei at a tempeiatuie of 99 5 F at 10 45 a m A continuous record 
of the blood-piessure vas wiitten Table 1 shows the temperature of the water, 
the rectal tempeiatuie of the cat, the blood pressuie level and the rate and char 
actei of the respiration, mai ked off in appi ovimately e minute pei lods through 
out the expeiiment 


TABLE 1 — Record of Experiment 10 


Time, A hi 

Temp 
Watei , F 

Temp 

Cat,F 

Blood- 
Pi essui e 
mm Hg 

Respiration 

10 55-11 00 

99 7 

100 0 

155 

66 

11 00 11 03 

100 4 

100 2 

150 

94 

11 09-11 15 

103 0 

101 0 

150 

160 

11 15-11 20 

104 0 

101 0 

144 

160 

11 20 11 25 

105 8 

101 9 

150 

260 , shallow, panting 

11 25 11 30 

107 0 

102 0 

155 

400, legular, panting 

11 30 11 35 

107 6 

103 0 

162 

400, regulai, panting 

11 35 11 40 

107 0 

103 7 

174 

400, legulai, panting 

11 40-11 45 

107 6 

104 5 

174 

400, legular, panting 

11 45 11 52 

107 0 

104 5 


400 , 1 egular, panting 

11 52 12 00 

P M 

12 05-12 25 

107 0 

100 4 

A 

1 

126 

400, iriegulai 

12 25-12 30 

108 0 

107 5 

110 136 

400, 11 regular 

12 30 12 35 

109 0 

107 5 

88 142 

Too lapid to count 

12 35-12 40 

109 0 

108 0 

90 148 

Too rapid to count 

12 4012 45 

109 4 

108 2 

70 140 

Too lapid to count 

12 45 12 50 

109 4 

108 2 

100 120 

Too rapid to count 

12 50 12 55 

109 4 

108 2 

88 112 

Veiy iriegulai 

12 55- 1 00 

109 4 

108 5 

110 

Verj’' in egular 

1 00 1 05 

109 4 

108 9 

124 

Blower 

1 05- 1 10 

109 4 

109 1 

117 

Slowei 

1 10 1 ]5 

109 4 

109 6 

106 

Slou ei 

1 15 1 20 

109 4 

110 0 

96 

Slower 

] 20- 1 25 

109 0 

110 0 

86 

120 

1 27 

109 0 

110 0 

84 154 

Asphyxia reaction 

1 30 1 35 

109 0 

110 0 

70 100 

66, deep, i egular 

1 35- 1 40 

109 0 

1100 

67 

52 36, deep, cyanosis 


^ Clot lemoved 

t Clot Cannula in light caiotid 


The animal’s tempeiatuie was raised fiom 100 to 104 5 F in the couise o 
the first houi The pressuie during this peiiod lose fiom 144 to 174 mni Hg 
Duiing the second houi the terapeiature rose from 104 5 to 108 2 F The pres- 
sure shoued uide vaiiations vith a general downward tendency The heart haa 
become maikedly iiieguHi and the steep falls in pressure aie evidence of this 
condition Respiration became too ripid to count — more than 400 per minute 
irregular and shallow During the third hour the tempentuie rose fiom 108 2 
to 110 F The pulse had become very small but moie regular There was a 
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piogiessive fall of bloocl-piessuie to 64 mm Hg The respiratory rate slowly 
decreased but its cbaiacter lemained the same At X (Chart 1) a lubber tube 
V /2 feet long ivas attached to the tiacheal cannula As is well known, asphyxia 
IS one of the most poweiful stimulants to the vasomotor center The piessure 
rose fiom 84 to 154 mm Hg — a response of 70 mm The lespiiations became 
deep, legulai and slow, falling to thiity-six pei minute 


It may well be questioned whether the fall of pressure was not a 
result of gieat inteiference with the function of living tissue hi ought 
about by the extieme heat In favoi of this view we have the great 
caidiac iiiegulaiity and the very rapid, irregiilai lespiiation, which then 
becomes slower with increasing heat On the other hand, the asphyxial 
use in pressure indieates that the vasomotoi lefiex was still intact But 
since it was primal ily oui ob]ect to investigate the effect of degrees of 
heat which aie the rule in infections, we pei formed fuither experiments 
in which the heat was not allowed to become excessive Experiments 7 
and 11 aie cited as examples of this gioiip 



I'lg 2, Experiment 7 — Tlie uppei line js the carotid blood piessuie The lowei 
line IS 50 mm Hg piessure A is the piessure at the beginning of the experi- 
ment Ihe cat’s rectal temperature was 100 F At Z? the piessuie is shown forty- 
five minutes fiom the beginning of the expeiiment The cat’s lectal temperature 
i\as 104 5 F , that of the water 105 8 F Respiiation was 260 pei minute At G 
the pressuie one hour, and one hour and ten minutes, from the beginning of the 
expeiiment is shown The cat’s temperatuie was fiom 104 5 to 105 3 F, the 
tempeiatuie of the water between 105 8 and 106 8 F The respiiation had fallen 
pi og] essively fiom the beginning of the experiment and was now between 176 
and 208 pei minute The piessure had fallen 92 mm duiing the previous twenty- 
five minutes and m as 62 mm loii er than at the beginning of the expei iment Tlie 
cat’s tempeiatuie lemained hetiieen 105 5 and 106 F foi the next hour and 
tiienty minutes, at the end of which time the lespiration, which had become 
steadily slower, suddenly ceased The pressuie fell slowly dining this period 
fiom 96 mm to 65 mm D repiesents the last ten minutes of the expeiiment 

ExpruiwrNT 7 — July 19, 1913, a male cat, weighing 4 2 kg vas given 8 gm 
of methane by stomach-tube at 9 20 a m A cannula 11 as inserted into the 
caiotid aitei'y and a theimometei inserted as high as possible into the rectum 
At 10 15 a ni the animal iias placed in the tank containing watei at a temper- 
atuie of 99 5 F For the next foity minutes the watei was lapidly heated until 
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it readied 105 8 F During the lest of the e\penment it was kept between 105 
and 100 8 F Table 2 shows the tempeiatuie of the watei, the letal teinpei 
aluie of the cat, the blood pressure level and the late and clniactei of the 
respiiations throughout the expel iment The time notations in the fiist column 
repi esent pei lods w hen the drum aa as revolving 


TABLE 2 — Eecord or Experiment 7 


Time, A M 

Temp 
Water, F 

Temp 

Cat,F 

Blood- 
Pi ossuie 
mm Hg 

Respiiation 

10 17 10 20 

99 5 

100 0 

158 

280 

10 35 10 38 

104 0 

102 0 

176 

260 

10 58 11 01 

105 8 

104 5 

188 


11 15 11 18 

105 8 

104 5 

122 

208, shallOAV, iriegular' 

11 28 11 31 

'106 8 

105 3 

ne' 

'176, shallow', iiiegular 

11 35 11 40 

106 2 

105 5 

90 

176; shalloAA, iiiegulaV [ 

11 40 11 45 

106 2 

105 5 

88 ‘ 

176, bhalloAv, iiiegular 

11 45 11 60 

' 105 8 

105 5 

84 

*^144,' shalloAA’, legular’ ' 

11 50 11 55 

p Ji 

105 8 

105 5 

84 

144, shalloWj regular'' 

12 00 12 05 

106 1 

105 5 

74 

144, shallow, regular 

12 05-12 10 

106 1 

105 5 

74 

144, shallow, regular 

12 10 12 15 

106 1 

105 5 

72 

144, shalloAA', legular 

12 15-12 20 

12 20 12 30 

106 1 
* 

105 5 

72 

144, shallow, legular 

12 30 12 35 

106 7 

105 5 

65 

144, shalloAV, legulai 

12 35 12 40 

106 7 

106 0 

65 

111, shallow, legulai 

100 shalloAV, legulai 

12 40 12 45 

105 8 

106 0 

65 

12 46 

12 48 

12 50 

105 8 

105 8 

t 

106 0 

106 0 

65 0 

64, shallow, legulai 
Ceased 


* Clot lemoved 
t Heart stopped 


Experiment 11 — July 31, 1913, i male cat Aveighing 4 kg aats giA'en 8 gm ' 
of urethane at 9 15 a m by stomach tube and 1 gm at 10 15 a m A cannula 
AAas inserted into the left caiotid arteri’’ The left cerAical vagus tiiink aais dis 
sected fiee and cut A thermometer AAas inseited high into the lectum and the 
animal placed in the AA'ater at a temperatuie of 99 5 F 3 he cential end of the 
A agus Avas then stimulated AAutli an induction current of inci easing sti ength , 
until something gi eater than the threshold A'alue had been reached This stiengtlu 
of curient A\as used throughout the expeiiment llie AAater Aias now lapidh 
heated to 104 F and kept at this temperatuie for the next eight and one half 
houis The blood pressuie aars AAiitten appioximateh once an hour during this 
peiiod After the drum had been revolAung foi seAeial minutes the cential end 
of the A agus AAas stimulated AAitli the induced cuirent Ihe nerAC AAas then 
carefullA' replaced betAAcen the tissues to be kept fresh SeAcral times the nasal 
mucous membrane AAas stimulated 

The gioup of experiments of which 7 and 11 are types show a well- 
marked fall in hlood-pressure due to a degree of hypeithermia not 
exceeding that eneonnteied in infections In all cases the fall occuried 
before any. organic changes due to hyperthermia could he expected to 
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occur As IS seen m Experiment 12, which was performed as a control, 
no such fall occurred when the animal, kept at a normal temperature, 
was subjected to all other conditions of the experiment 


/ 





B 


C 


Fig 3, Expenment 11 — ^Tlie top line is the carotid blood pi essui e The next 
line IS 0 mm Hg pressure Portions of the record fiom the beginning of the evperi- 
ment, three hours later, and eight and one-half hours latei, are shown, 1, A, 
IS the initial level of blood pi essure, 136 mm , 2, A, is the lesponse to vagus 
stimulation when the pressure is 136, the pressure fell 40 mm , 1, B, is the 
blood piessure level, 114, after three hours, 2, B, is the response to vagus stimu 
lation when the pressuie is 114, the pressure fell 9 mm , 3, B, is the response 
to vagus stimulation when the pressure is 128, the pressure fell 32 mm , 1, C, 
IS the blood piessure level, 72, after eight and one-half hours, 2, C, is the response 
to vagus stimulation when the pressure is 70, the piessure fell 7 mm , 3, 0, is 
the response to vagus stimulation when the pressure is 80, the pressure fell 
17 mm , 4, C, is the response when the pi essui e is 84, the pressure fell 29 mm 


TABLE 3 — Record of ExPER.rMENT 11 


Time, A M 

lemp 
Water, F 

Temp 
Cat, F 

Kesp 

B-P 
mm Hg 

Response to Stimulation 

11 2011 33 

P M 

98 6 

99 5 

48 

136 

Vagus 10 sec 136 — 96 = 40 

1 

12 25 12 35 

104 0 

102 5 

1 

214 

114 

Vagus 1 sec 113—110= 3 

I Vagus 3 sec 116 — 107 = 9 
Vagus 10 sec 110 — 99 = 11 
Vagus 10 sec 128— 96 = 32 

1 25 1 35 

104 0 

103 2 

150 

118 

Vagus 10 sec 119 — 115= 4 
Vagus 10 sec 114 — 99 = 15 
Vagus 10 sec 130—112 = 18 
Vagus 10 sec 130—103 = 27 

2 25 2 35 1 

1 

104 0 

1 

103 0 

150 

114 

Vagus 10 sec 114—105 = 9 
Vagus 10 sec 128— 96 = 32 

3 25 3 30 

104 0 

103 2 

106 

104 

Vagus 10 sec 105 — 97 = 7 

4 35- 4 40 

104 0 

103 2 

106 


Vagus 10 sec 98 — 85 = 13 

5 35 5 40 

103 6 

103 2 

106 

87 ' 

Vagus 10 sec 88 — 74 = 14 
Nose 10 sec 88—109 = 21 

6 40 6 45 

103 6 

103 2 

100 

76 

Vagus 10 sec 78 — 62 = 16 
Nose 10 sec ’ ’ 

7 40 7 53 

104 

103 2 

I 

100 

72 

Vagus 10 sec 70 — 63 = 7 
Vagus 10 sec 79 — 62 = 17 
Vagus 10 sec 84 — 64 = 20 
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Experiment 12— Aug 6, 1913, a male cat weighing 4 2 kg Mas guen 8 gin 
of methane by stomach tube at 9 a m, 1 gm at 9 30 a m, and 1 i^m at 
9 55 a m A cannula uas mseited into the left caiotid aiteij, and a ther- 
mometer high into the rectum The eat uas placed in a tank containing uater 
at 100 4 F at 10 15 a m The cat’s tempeiature fell from 100 4 F at 9 30 a m 
to 98 F at 10 15 a m 




A 



Fig 4, Experiment 12 — The upper line is the carotid blood pressuie, the 
loiver line is 50 mm Hg pressure, A is the initial pressuie, E the pressure after 
one lioui, and C the pressure after two hours This tracing shows the piactical 
absence of change in the blood pi essiire level uhen the animal is kept in ivater 
at body temperature 


TABLE 4 — Kecord of Experiment 12 


Time, A M 

Temp 
Watej , F 

Temp 
Cat, F 

Blood- 
Pi essure 
mm Hg 

Respiration 

10 20 10 25 


98 C 

136 

36 

10 30 10 32 


98 6 

150 

36 

11 00-11 05 



144 

40 

11 30-11 35 


99 5 

144 

40 

12 20 12 25 

iil 


136 

40 


It ajjpears, theiefoie, that the fail in pressuie was entirel}’ due to the 
effect of heat on the organism 


DISCUSSION 

Oui chief interest centers about the fall in piessure which lesulto 
fiom degrees of heat of not uncommon clinical occurrence We know 
from daily obseivation that such amounts of h3T)eithermia do not cause 
seiious organic damage The hypoten'^ion of such conditions, theiefoie, 
must be evidence of a functional distuibance 

Since blood-piessure is determined by the eneigy of the heart as 
measuied by the output pei minute against resistance, and on the other 
hand bj'^ peiiphcial lenstance, it is eiident that the lou piessuie might 
be due to a lessened output fiom the heait, oi to a diminished peiipheial 
lesistance, oi to both and the lessened peripheral lesistanee in turn 
might result fiom relaxation of the smooth muscles of the aitciioles due 









to the heat, or to fatigue of the nerve-cells in control of the vascular 
mechanism The factois affecting peripheral resistance may he con- 
sider od first 

It has long been held by clinicians that heat has a marked relaxing 
effect on smooth muscles, but tliey have consciously or unconsciously 
thought of this effect in relation to muscle winch is undei going abnoimal 
tonic 01 clonic conti actions We know of no clinical evidence which may 
be presented to show tliat heat has the same effect on smooth muscle in 
a state of normal tonicity DeZilwa® and Stewart® have shown experi- 
mentally that there is a giaclual relaxation of the tone of smooth muscle 
as the temperature is raised from 10 to 40 C (from 60 to 104 If ), but 
that temperatures over 40 C cause a shortening again In their expeii- 
ments the amount of change occuiiing between 38 5 and 40 C (101 3 
and 104 F ) is very small If we seek to explain our results as examples 
of the decrease of tonicity of smooth muscle in response to heat, we 
should evpect to find that the pressure fell as the temper atuie rose to 
40 C (104 F ), and that the pressure rose theieafter with increasing 
temperature Examination of our tables will show that just the opposite 
occurred Therefore, we cannot logically attiibute the hypotension to 
this factoi 

In considering the other possible factoi that might diminish per- 
ipheral resistance, we ha'se to take into account the conditions of 
activities of neive-cells It is highly cliaiactenstic of neivous activity 
that periodic rest is needed to lestoie normal function The observations 
of Hodge^ showed that in neive-cells definite physiological changes 
develop during the day and are recovered fiom during the rest at night 
"Oonliuuous loss of sleep is far more lapidly fatal than starvation, and 
the final changes, especially in the neivous sj^stem, aie very marked” 
(Donaldson®) Howell has shown that sleep is accompanied by a dimin- 
ution of vasculai tone, that is, a lessened activity of the vasomotor center 
Since, therefore, there is this alternation of fatigue and recovery thiough 
long peiiods during the twenty-four hours, and since the absence of the 
resting period is knovn to be harmful to the nerve-cells, the necessity for 
repair in these cells is obvious 

Studies of the effect of temperature on chemical processes have shown 
that there is approximately an increase of 10 per cent in the speed of 
reaction with every increase of 1 degiee centigrade The metabolic 
piocesses occurring in nerve-cells are chemical in character, and a 
number of observations are on record to show how markedly the speed 

5 DeZilwa Quoted by Giut?nei, Ergebn d Physiol, 1904, ii, 12 

6 Steuait, C C The Cat’s Bladdei, Am Joui Physiol, 1900, iv, 185 

7 Hodge Quoted bj Donaldson, The Giowth of the Biain, London, 1895, 
p 317 

8 Donaldson, H H The Giowth of the Brain, London, p 309 
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of nelsons activity is augmented by inci eased temperature Thus 
Helmholtz® found the velocity of the nerve impulse in the frog at 0 C 
(33 F ) to be 2 7 meters per second, at 30 C (68 F ) 37 ineteis per 
second Von Miram® found the a ate for the frog 0 34 meters per second 
at 30 (J , and 65 meters at 35 C (95 F ) 

Smce the evidence from activity and rest indicates that during the 
active peiiod the catabolic changes are more rapid than the anabolic, it 
IS highly probable that similarly increased heat has a gieatei effect on 
the catabolism of the neurons than on the anabolism The inciea^ed 
speed of the catabolic piocesses which heat would induce might, theie- 
fore, result in increased tone of tlie vasomotor center in the eaily stages, 
and that period might be followed bi'' a latei period of diminished tone 
because of approaching e\haustion of the nerve-cells 

W T Porter^® and his associates have brought forward evidence 
which indicates that the tone of the vasomotor center is not lowered by 
prolonged peripheral stimulation Such stimulation, however, becomes 
widely dispersed through the nervous system and only in pait affects the 
vasomotor center Heat, one the other hand, would hare as much effect 
on one cell as on another, and the fact that increased heat is accom- 
panied by diminution of the tonic innervation of skeletal muscle 
indicates the possibility that a similar condition prevails in the vaso- 
motor center 

In two of our experiments we tested the reflex response of the 
vasomotor mechanism after we had obtained large falls in blood-pressuie 
In eiery ca«!e the normal response occurred, but this eiidence does not 
permit us to draw conclusions as to the tonus of the vasomotor cells, foi 
Porter^^ has shown that the condition of the vasomotor center does not 
determine the pre'^ence oi absence of the vasomotor reflex, and that 
consequently testing the reflex gives no information about the state of 
tonus of the center 

There still remains to be consideied the effect of the heart rate on the 
lessened blood-pressure obsened duiing continued hyperthermia Experi- 
ments^® have shown that the faster the heart beats the shorter the 
diastole, but within wide limits the abbreiiation of the diastole occurs 
only in that part of it which has been designated diastasis, that is, the 
period of repose, and does not affect the peiiod of ‘lelaxation or filling 
If the heart is supplied with blood, a more rapid beat within the peiiod 

9 Helmholtz and Von Miram Quoted by Smder, Am Jour Phjsiol, 1908, 

XMl, 179 , , 

10 Porter, W T, Marks, H K, and Swift, J B Ihe Relation of Afferent 
Impulses to Fatigue of the Vasomotoi Center, Am Join Plnsiol , 1907, \x, 4 

11 Poiter, W T Relation of Afferent Impulses to the Vasomotor Center, 
Am Joui Phjsiol 1910, xxvii, 276 

12 Henderson, Y A Principle Undeiliing the Koimal Variations in the A ol 
ume of the Blood Stream, Etc , Am loui Phjsiol , 1909 x\iii, 353 
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of diasta'^is lesults m a greatei output Only when the heat becomes so 
lapid as to encioach on the period of filling does the output fail to 
vaiy with the late of beat The obsei rations, repoited in this paper, of 
increased blood'piessuie in the early stages, of hyperthermia and lessened 
blood-pressuie after the tempeiatuie lose higher, are quite in harmony 
with the greatei output from the heait that would result so long as the 
lapid beat encioached only on the peiiod of diastasis, and with the 
lessened output that would lesult as the still more lapid beat would cause 
an encroachment on the peiiod of relaxation or filling 

This review of evidence indicates that the heat probably does not 
cause sufficient local relaxation of ' smooth muscle in the arterioles ^tq 
account foi the low piessure As between a eential effect of the heat 
on the tonus of the vasomotoi center and, a peripheral effect on the heart, ^ 
oui observations thus far do not peirait us to pass judgment Quite 
conceivably both factois are involved in the production of effeejbs^ which 
we have here reported, and as the foiegoing discussion has shown^, heat 
would opeiate in the same direction with both these factois to cause 
fiist a use and latei a fall of arteiial piessure Eox the present, tbere- 
foie, we must leaie open the explanation of oui lesults and merely lepoit 
the facts of observation - ; ' i 

CONCLUSIONS ' ^ 

1 In lowei animals degiees of hypertheimia not greater than those 
encountcied in infections are sufficient to cause iharked hypotension 

2 The inci eased body temperature of ‘infection is a potent factor in 

the pioduction of the lowered blood-piessure which occurs in such 
conditions ' 

3 The hypeitliermia may be the entiie cause of such hypotension 

We aie giateful to Dr W B Cannon for having suggested the possible effect 
of heat on blood-pj essui e to us and for having aided us with many of the tech- 
nical difficulties 

329 Beacon Stieet — 374 Marlborough Stieet 
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G CANBY BOBINSON, MB 

ST LOUIS, MO 

The abnormalities of the caidiac mechanism -vrliieh aie responsible 
for vaiions forms of cardiac arhythmia and disturbances in caidiac rate 
are now well understood, and have been especially well demonstrated by 
means of the string galvanometer The analysis of disturbances of the 
cardiac mechanism, although of ever increasing diagnostic and thera- 
peutic importance, is a held for original investigation which is fast losing 
its fertility On the other hand, large problems lie before us in determin- 
ing the essential causes of these cardiac disturbances The progress of 
the treatment of cardiac disorders will be accelerated by the discovery of 
the now unknown changes, either within the heart or outside of it, which 
are responsible for these abnormalities of the cardiac mechanism This 
IS especially true of the large gioup of disorders characterized by dis- 
turbances in the generation of stimuli of the lieait beat These disturb- 
ances may predominate either in the auricles or in the ventricles, and 
may result in the occurrence of premature ectopic beats (extrasystoles), 
tachycardia of ectopic origin, the so-called auricular fluttei or auricular 
fibi illation These disturbances may occur in hearts already the site of 
anatomical lesions, but they may also occur in hearts which give no signs 
of such lesions 

It IS with the hope that some light may be thrown on this question of 
the essential cause of disturbed excitabilitj' or stimulus formation that 
the following case of paroxysmal auricular fibi illation is reported 

CASE EEPOUT 

Htstoiy — I G Hospital No 601, a jeweler, aged 50, born in Russia, vas 
admitted to the hospital Feb 23, 1912, complaining of cardiac palpitation and 
weakness He knovs of no cases of cardiac disease or rheumatism in his family, 
and the family history is orlieiuise negative The patient had been a generally 
healthy man, but always “high strung” and rather ner\ous He thought that 
he had neithei scarlet fever nor diphtheria in childhood, but since the age of 
twehe he had frequent attacks of tonsillitis and at the age of 15 tiphoid fever 
Y'hen IS jears old he had an apparentlj rather mild attack of gonorrhea, 
but there never had been any other venereal affection His wife is living and 
veil, and they have several healthy children He had considerable distress after 
eating for many years, and had always taken large amounts of food, especially 
bread, and much tea He used both alcohol and tobacco moderately and had 

* Submitted for publication Sept 24, 1913 

* From the Hospital of the Rockefeller Institute for Medical Research, New 
York 
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never done laborious work He nevei bad ilieumatism, but there was pain with- 
out swelling 01 redness in the light sliouldei, beginning about eleven years ago 
and lasting fifteen months He continued liis occupation as a jeweler with very 
little mteiiuption up to a few weeks befoie admission to the hospital 

The piesent illness began twelve yeais ago, in 1900, wlien the patient felt 
undue fatigue after eveition, and on the following day he had his fiist attack of 
caidiac palpitation and w'eakness, much like that foi which he came to the hos- 
pital He was in bed for tliiee days at this time He then had no such symp- 
toms for about eighteen months, wdien the second attack occuiied, and since 
then he has had similar attacks, usually lasting only a few lioiiis, every four 
to si\ months Occasionally they have lasted as long as tliiee days The patient 
thinks that the gastric distuibance, noticed especially after eating, had some 
thing to do with causing the attacks of palpitation About eight iveeks before 
admission the patient had the fiist of the series of attacks which bi ought 
him to the hospital The first attack began Dec 22, 1911, in the usual way, 
w’lth a boiing feeling in the epigastiium, a thumping feeling now’- and then in 
the lieait, and finally a sudden onset of caidiae palpitation There was also a 
feeling of pressure about the chest, and choking, headache and w'eakness This 
attack lasted twenty houis and stopped suddenly. Duiing the next three weeks 
the patient had two oi three attacks of lessei seventy, and then, Jan 13, 1912, 
an attack began which lasted three and a half days This was followed by four 
days when the patient felt quite Avell, at the end of which time the symptoms 
returned and continued for seven days Then he was fiee from symptoms for 
ten days, when another attack, lasting a few days, occurred Finally, after the 
patient had been feeling well for nearly two w'eeks, the final attack before admis- 
sion began, and this time in an unusual w%ay, a feeling of palpitation coming 
and going for a day oi so, and then settling down on Febi uary 22, the day before 
admission to what seemed to the patient a seveie attack Besides the symp- 
toms that have been mentioned he had model ate pain in the left arm and m 
the back of the neck He ivas able to walk into the hospital, hut with some 
diflieulty 

Physical Examination — ^Physical examination showed the patient to be a 
ratlier poorly nourished, small man, who looked at least ten years younger than 
his age He wus lying quietly and apparently comfortably in bed, but appeared 
somewhat neivous He w'as alert and highly intelligent The eyes showed nor- 
mal pupillary reactions to light and accommodation The fundi were appaiently 
normal except for slight tortuousness to the aiteries The tonsils w'eie not 
enlaiged Tlieie was slight venous pulsation in the neck The thyroid w'as not 
palpable The lungs yielded normal physical signs throughout There were no 
abnormal pulsations seen ovei the thoiax, while there was a geneial heave m 
the region of the left nipple The piecoiduim w^as not prominent The apex 
beat ivas in tlie fifth space, 10 cm. to the left of the midsternal line The out- 
line of caidiac dulness extended 4 0 cm to the light of the midsternal line in 
the fouitli space, and 115 cm to the left of the fifth space The heart sounds 
ueie clear throughout, no muimuis being heard The second pulmonic was 
sliglitlj accentuated, and had a liquid quality The radial pulse was distinctly 
inegular, and had a rate of about 75 pei minute Many of the pulsations w'ere 
veil sustained, but they weie iiiegulai m both force and rhythm The actual 
heal t-i ate as counted by auscultation ovei the heart was 126 per minute The 
aiteiies were distinctly palpable in the aim, at the wrist and especially at the 
elhov The temporal arteries w’^eie also indefinitely palpable The abdomen 
ms noimal Neither livei nor spleen was palpable There was no edema of 
the cxtiemities Blood, hemoglobin 95 per cent (Sabh) corrected reading=119 
pel cent Wassermann leaction was negative Tlie urine showed neither albumin 
noi casts Its specihc giavity was 1030 The amount was 650 cc in twenty- 
foiu hours Electrocaidiograms showed that auiicular fibrillation w^as present 
(Fig 1) 



300 THE ARCHIVES OF INTERNAL MEDICUE 

thiee dajs distinct slowing of the ventricles had occuired and the aihythinia nas 
much «>«rked Mych 1, at 10 30 a m , the patient was hied from an am 

ireTli At41 a m he noticed a sudden change m 

the feeling of the heart beat, and declaieddhat his attack was over The e\anii 

nation revealed that the patient’s heart vias heating legularly, at first at a late 
of 108, and in a few hours at about 90 -The outline of relative cardiac dulness 
extended 4 cm to the right in the fourth «pace, and 10 cm to the left in the fifth 
^ace The heait sounds were clear and of good quality all over the precoidium 
riiere were no murmurs, but the second aortic sound was accentuated The 
patient felt immediately distinctly more comfortable, and seemed to be entirely 
well except for slight weakness Electrocardiograms ’showed that the normal 
sequential beat had letuined (Fig 2) 



Fig 1 — Curves 192 February 25 Fust, second and third leads, show mg 
auricular fibrillation Ventricular rate averages 112 beats per minute The 
time marking is always in 1/5 seconds 


During the night of March 6 after the lieart had been beating normalh for 
about sixty hours, the patient felt an occasional 3 umping feeling in the epigas 
trium, which he said usually occuired before attacks, and nine’ led him on this 
occasion to predict the return of cardiac palpitation During the night it ms 
noticed that cardiac arhjthmia existed for a few minutes on several occasions 
The heart continued to beat regularlj, honever, until March 10, nhen the 
patient awoke at 1 a m with the sensation of weakness and felt that his heart 
was beating irregularly When examined at 9 30 a m the typical arhjthmm 
of auricular fibrillation was present, the diagnosis of which was confirmed } 
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electrocaidiograms This arhythmia continued until the afternoon of March 14, 
nearly five days On this day the patient was lestless, wonied and especially 
uncomfortable m the morning, but in the afternoon the heart suddenly, piacti- 
cally instantly, became regular The patient immediately felt much better, and 
except for muscular soreness and weakness was without sjmptoms The cardiac 
examination gave results similar to those obtained during his first peiiod of 
cardiac legulanty His condition remained excellent, and on March 22, after 
the heart had been regular foi eight days, the patient was allowed to sit up 
out of bed foi half an houi March 23, a few minutes before 7am, the pulse 
became suddenly iiregulai again When seen a little latei the patient was com- 
foi table, and the heait, although completely iiiegulai was not beating very 
rapidly, and neaily all beats pioduced palpable ladial pulsations The heart 
sounds were clear The aihythmia was still piesent on March 25, when the 
patient complained of feeling especially badlj with .dizziness, weakness a'lid a 



Fig 2 — Curves 205 IMarch 4 First, second and thud leads obtained dur- 
ing the fust peiiod of cardiac regularity The lecords show that the normal 
sequential beat is present P -P time, second lead, average 0 17 second Eate 
aVeiages Seventy -nine beats per minute 

feeling of helplessness On March 26, at about midnight, the patient awoke to 
find that liis pulse was regular and rapid, and when examined the next morning 
the hcait was beating perfectly regularly as before The outline of relative 
caidiac dulness extended 2 cm to the light and 11 5 cm to the left m the fourth 
space, and the heart sounds weie as before The caidiac rate was 80 Electro- 
cat diogiams again showed that the auricles neie beating noimally, and were once 
more piopeily coordinated with -the ventricles The patient seemed in excellent 
condition uithout symptoms, and the heait maintained a rate of about 72 for 
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several days During the night of April 1, hoveiei, the patient had pain in 
tlie epigastrium and a feeling of suffocation, and on Apiil 2, at G a ni his 
pulse became suddenly iiregulai When examined at 10 a m, the heait’v is 
eating veiy irregularly, at a rate of about 140 pei minute Many beats failed 
to reach the wrist, and the radial pulse rate was only about 100 per minute The 
outline of relative cardiac dulness extended 3 5 cm to the left in the thud space 
and 3 0 cm in the fourth space, and 10 0 cm to the left in the fourth space’ 
Tlie electiocaidiograms were those of auiiculai fibrillation Prom Apiil 2 the 
cardiac arhythmia continued as long as the patient was under observation The 
heart rate gradually slowed and became more nearly regular, but electiocaidio 
grams showed that auricular fibrillation was still present when he was dischai'^ed 
on May 23, feeling quite comfoi table and well He had been ualking about the 
ward for several days without symptoms The arhythmia continued” for seieial 
weeks after the patient left the hospital It uas subsequently learned that the 
patient died about two months later with symptoms suggesting acute dilatation 


DISCUSSION 

During the time the patient was in the hospital he had thiee peiiods 
of nine, nine and six days, when tlie heart was beating legularly, between 
which auiicular tibi illation occuiied foi five and foui days It was also 
piesent dining the fiist six days and duiing the last fiftj^-one days 
in the hospital 

The change from one foim of cardiac mechanism to another u^as 
usually sudden, but piemonitoiy symptoms were sometimes noted by the 
patient befoie the onset of the aihytlimia These weie, as have been 
described, a feeling of gastiic distiess and a thumping feeling in the 
cardiac legion wliicli was probably caused by the occuiience of piematuie 
ventiiculai contiactions (extra systoles) The occuiience of such beats 

was lecorded by electiocaidiograms seveial times dining peiiods of 
fibrillation The actual onset of auiiculai fibrillation occuired each time 
aftei the patient had been asleep, once appaiently during sleep On the 
first occasion the patient awoke at 1 00 a m with a sensation of weakness 
and felt that Ins heart was iiregulai, and the second and thud occasions 
the aihythmia began suddenly at 7 00 a m and 6 00 a m , lespectively 
Mnseulai exeitioii and psychic excitement, unless it was in di earns, 
played, theiefoie, no role in initiating auriculai fibiillation Gastiic 
disturbance also did not seem to be a factoi at such times Hius, theie 
was no evidence supporting the patient’s statement concerning the influ- 
ence of ga«tiic distress on the caidiac ihytlim, which may be a factor in 
the pioduction of complete aih 3 dlimia as i MiilleD ha=: pointed out 
Auriculai fibiillation changed to the noimal sequential beat tliree 
times while the patient ivas in the hospital The fiist change occuned at 
11 00 a m , half an lioui aftei 40 c c of blood had been v itlidrawn fiom 
an arm-vein, the second duiiiig the afternoon follouing an uiicomfoi table 
and lestless forenoon, while the thud change oceuiied at midnight, 

1 Muller, V The Neiious Affections of the He-irt, The Archives I^T ^Mnu , 
1908, 1, 1 
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appal ently duiing sleep The changes were always sudden^ and as the 
conditions iindei which they occtiiied were so different, no conclusions 
as to the possible cause of the changes can be drawn The blood-letting 
was thought to have been a possible factor^ but it was repeated on April 
33, after fibi illation had been present three weeks, without any change in 
the cardiac mechanism The patient stated that the return to the regular 
rhythm usually occuried when he was quiet 

The administration of digitalis may have been a factor in causing the 
disappearance of auricular fibrillation on two occasions The drug was 
begun 111 the form of digipuratum tablets, 0 1 gm , three days after 
admission, five tablets the first day, deci easing one tablet each day On 
February 29 the patient was nauseated after having had 1 5 gm of 
digitalis, and the drug was discontinued at 3 30 p m The fibiillation 
ceased at 11 00 a m the next morning 

The drug was begun again in the same manner on March 11, two days 
after the onset of fibiillation, and continued foi foui days, when it was 
stopped after the sequential beat had returned Small doses of the tmc- 
tuie, 0 3 c c , three times a dav, were given during this period of normal 
rhythm with the idea that it might assist in maintaining the regular beat, 
but on March 33 fibrillation again set in, and digipuiatum was begun as 
before This was continued for two days, and was discontinued after ten 
doses, as the patient complained of feeling dizzy and weak Thirty-six 
hours alter drug was discontinued, the normal beat again returned The 
drug was withheld aftei the next onset of fibrillation had been present 
fifteen days, because it was felt that its administration probably had no 
effect in stopping the auiicular fibrillation, and that the sequential beat 
Avould return spontaneously As tins did not occui, digipuiatum was 
again administered At this time and again later, it was given until 
nausea occui red, but produced no apparent effect on the auricular fibril- 
lation Digitalis was given primarily not with the idea of influencing 
die auricular activity^ but because the rapid, irregular and insufficient 
ventricular activity present at the time of admission demanded it In 
fact, as Mackenzie^ and otheis have pointed out, digitalis may be appar- 
ently a factor determining the onset of auiicular fibrillation In oui case 
fibiillation seemed pi one to cease a day or two after the drug had been 
pushed to its pbj^siological limit and discontinued On one occasion 
fibrillation came on while small doses of the tincture were being taken 

The ventriculai activity was favorably influenced by digitalis, and the 
lapid, iiiegulai heart beat was i educed to a rate of about 80, and became 
almost regular, while fibrillation continued Dining the periods of 
legulai cardiac activity the electiocaidiogranis showed that there was no 
pi elongation of the time of conduction fiom auricles to ventiicles, the 

2 Mackenzie Digitalis, Heait, 1910-11, ii, 295 
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P-E time m the second lead records avei aging 0 17 seconds This case 
does not lend support^ tlierefoie, to the suggestion put foiward by Lewis® 
“tliat the slowing of the hearty when auriculai fibrillation is present and 
digitalis IS gr en^ is due to an increase of a previously existing defect in 
the, conduction to the ventricle of those impulses which aie built up 
rapidly and iiiegularly in the amide ’ 

BLOOD-PKESSURE 

The 1 elation of changes in blood-pressure to changes m the cardiac 
mechanism was studied The difficulty of detei mining the blood-piessine 
in cases of auricular fibrillation is evident, as the ventiieulai contractions, 
•varying in force, produce variations in the blood-pressuie fiom beat to 
heat On account of the fact that exact estimations w'^ere impossible, the 
blood-piessure was not recorded at first, during auricular fibrillation, but 
label ^dien. the heart w'^as beating moie nearly legularly, the pre'^suie wa': 
deteimpierl ,by the auscultatoii'^ method, at wdiich the > strongest, beats 
pioduced sounds", in the-* brachial aiteiy and, also at winch jpiaeticdly all 
beatSr, prp^uced-, sounds The^ average of these two readjngsoWfi^ eon- 
sideried las, the isystolic- blood-piessuie _ Tn _a^ similar way )trto diastolic 
readuigS'were taken and averaged 'The blood-pre«surepeadings'aie seen' 
m the accompanying chart' (Eig 3) ^ Although the blood-piesSure itas 
constantly' high marked changes took place, the systolic pressure varying 
from 125 to 315 mm Hg The diastolic pressure w"as more Constant, bid 
varied from 85 to 130 mm Hg In the second period Of regular ihythra,, 
from March 14 to 33, the blood-pi essure rose gradually from, 135 mm Hg 
to 175, wdien fibrillation again set in The blood-pressure did not' falh 
wnth the on'^et of fibrillation, but twenty-four hours 'later it had fallen 
36 mm Hg and lemamed relatively loy until about thiity-six hours 
after the lieait had become regular nnce more Then the s 5 '^stoliCipressure 
ro«e to 185 mm. Hg, remained high for three days, and then fell to 130' 
the day before fibrillation again set in The'blood-pressjire was taken, 
between 10 00 a m and 11 00 a m each day, and no observations w'ere 
obtained immediately before and after a change in cardiac rhythm,; so 
the daj'^^to-dar readings give no accurate indications as to changes in 
blood-pressure as a factor in causing changes in the cardiac mechanism 
On the hypothesis that the high blood-pressure might be a factor lUr 
maintaining fibrillation, howevei, the patient inhaled 0 3 cc of amyl 
nitrite about three hours after the onset of fibrillation on March 33, at 
which time the systolic blood-pressure was 180 mm Hg He became 
nervous and dizzy, but except for the initial rapidity the heart beat did 

3 Lei. is ’ AuncuHr Tibrillation and Its Relation to Clinical Irregularities 
of the Heart Heart, 1909 10, i, 306 

4 Lewis Fibiillation of the Auricles, Its Effects Upon the Circulation, Jour 
Exper Med , 1912, mi, 395 
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not change, and the blood-pressuie \sas appaiently not loweied On 
anothei occasion (Apiil 32), thiee weeks aftei the onset of fibrillation, 
the systolic piessnie tell dm mg the opeiation of blood-letting to 115 nun 
Hg without any change in the caidiac nieehanism Eiythiol tetianitiate 
and chloral weie al«o administered during fibrillation, but without affect- 
ing appieciablv the blood-pressuie or the cardiac mechanism On the 
other hand, the s-^stolic piessure leached 215 mm Hg on one occasion 
during fibi illation without any change in the beat It may be said, 
therefoie, that no lelationship between changes in blood-piessuie and 
changes in the cardiac mechanism can be made out The blood-piessiiie 
laned greatty, both duiing auricular fibi illation and during the iioimal 
ihythm, but the blood-pressure was maintained generally at a high level, 
regardless of the form of cardiac activity present These blood-pressuie 
observations aie in accord with those made by Lewis^ on the expeiimental 
animal, m which he found that the onset of fibiillatioii was usually 
aceonipanied by a fall of blood-pressure, but the effect was inconstant 
The ciiculation tended to accommodate itself to altered conditions, and 
to return to the same blood-pressuie as that obseived before the onset of 
fibrillation 

The effect of piessuie on the neck over each vagus nerve was lecoided 
by electiocardiogiams several times, both duiing the normal rliythm and 
duiiiig fibiillation (Figs 4-'!') The abnormal susceptibility of the heart 
to mechanical stimulation of the vagi was sti iking The length of time 
pressure was made ovei each neive and the length of the lesponding pause 
may be tabulated as follows 



Aukicular 

Fibrillation I 

;Figs 3 AND 4) 



Pressure Ovei 
Eiglit Vagus 
Seconds 

30 

34 

28 

30 

30 

Venti iciilar 
Stoppage 
Seconds 

33 

40 

40 

3 1 

34 

Pressiiie Ovei 
Left Vagus 
Seconds 

34 

3 1 

3b 

Venti icular 
Stoppage 
Seconds 
48 

40 

44 

Aveai age 
Proportion 

3 04 

1 

3 16 

1 17 

3 37 

1 

4 42 

1 22 


Normal Beat (Figs 

Piessure Over Ventiicular 
Eight Vagus Stoppage 

Seconds Seconds 

1 4 32 

19 3 0 

19 30 

5 AND 6) 

Pressure Over 
Left Vagus 
Seconds 

20 

20 

20 

Venti icular 
Stoppage 
Seconds 
36 

40 

1 9 

Aveai age 
Proportion 

1 73 

1 

3 06 

1 77 

20 

I 

3 17 

1 53 
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Fig 7 — Curve 205 6 March 4 The effect of pressure for 2 seconds over the left vagus on the normally beating heart 
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Thus it IS seen that neither during auricular fibrillation nor during 
the noimal beat can any definite diffeience be made out between the 
effects of light and left vagus piessure, such as can sometimes be demon- 
stiated in man (Robinson and Drapei^), and as can be almost constantly 
shown -with faiadic stimulation of the nerves in the dog (Cohn,® Eobin- 
son'^) The ventricles weie stopped foi a longei time pioportional to the 
length of pressure when the heart was beating noimally than when 
auricular fibrillation was piesent, wlietliei the left or the right nerve was 
pressed on 

The mechanism responsible for the ventiicular pauses which followed 
vagus piessure duiing auricular fibrillation is appaiently different from 
that which brings about the stoppage of the noimally beating heart The 
electiocardiogiams indicate that the activity of the fibrillating auricles 
was unaffected by piessuie over the vagi, while they show that the 
normally beating auricles weie brought to lest by this proceduie The 
mannei by which vagus pressure brmgs about the long cessation in the 
ventiicular activity in cases of auiiculai fibi illation has been discussed 
by Eobinson and Diaper,® and it was concluded that the ventricular 
pauses are apparently due to the blocking of stimuli from the auricles 
There was no evidence as to whethei this striking effect depends on an 
increased susceptibility of the conducting fibeis to vagus stimulation oi 
whethei it depends on the stimuli fioni the fibrillating auricles being of 
such a natuie that only slight loweiing of the conductivity succeeds in 
blocking them The possibility must also be consideied of some quan- 
titative change in the auriculai activity which is not to be detected in 
the electroeaidiograms, but which makes it incapable of stimulating 
ventricular conti actions 

When the heait was beating noimally theie is piactically no evidence 
that piessuie ovei eithei vagus neive loweied the conductivity, as the 
P-E time was never prolonged beyond 0 21 second after the cardiac 
stoppage in any of the recoids The maiked effect on the late of the 
whole heart is in sharp eontiast to the effect on conduction It may be, 
however, that this effect on rate is responsible for the lack of effect on 
conduction, foi duimg the eaidiac standstill the conductivity of the heait 
IS fieed horn the influence of functional fatigue, and so has its normal 
capabilities at the end of the cardiac pause The haimonizing of the 
effects of vagus pressuie on the heait duiing auiicular fibrillation ivitli 
that obseived when the heart was beating noimally is difficult 

5 Robinson and Diaper I Studies with the Electrocardiograph on the Action 
of the Vagus Keive on the Human Heait, Joui E\pei Med, 1911, \iv, 217, 
II Studies uith the Electrocai diogi aph on tlie Action of the Vagus Neive on 
the Human Heart, Join E\pei Med , 1912, \v, 14 

0 Colin Jour Expei Med , 1912, \vi, 732 

1 Robinson The Influence of the Vagus Nerves on the Earadized Auricles 
in the Dog’s Heart, Jour Exper Med , 1913, vro, 429 
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llie maiked susceptibility of the heart to mechanical stimulation of 
the vagi may have been another expression of the cardiac abnormality 
which caused the aiiiiciilar fibrillation The hearts of patients with 
auricular fibrillation are often markedly affected by pressure over the vagi 
and an abnormal response to this procedure by a normally beating lieait 
may possibly indicate that auricular fibrillation is more likely to occur in 
it than 111 a heart less affected bv vagus pressure It is difficult to say 
whether this abnormal resj)onse indicates a so-called heightened “vcigvs 
tone” or whether the heart itself is responsible foi the maiked response 
A senes of experiments weie undertaken with the hope primarily that 
some new light might be thiown on the question of the relation of vagus 
activity and auricular fibrillation, but the results of the experiments'^ do 
not affoid any positive evidence as to the role the vagi may play as a 
causative factor of auricular fibrillation in man The dog’s auricles may 
be thrown into fibrillation and tachycardia by direct faradization 3“! 
readily after the vagi are cut as before, but vagus stimulation holds the 
auricles in their abnormal state of activity after it has been once set up 
by faradization 

The effect of atropin in oui case was observed only during fibrillation, 
and after 0 9 mg atropin had been given hypodermically tlie ventricular 
rate increased markedly from 84 to 358 beats per minute, recorded by an 
electioeardiogiam taken forty minutes after the administiation of 
atropin The waves of fibrillation were not so distinct in the records 
obtained during the rapid ventricular rate as before The great increase 
in ventricular rate following atropin indicates that the vagi were con- 
stantly strongly active at tins time in controlling the ventricular rate 
A desire not to disturb the normally beating heart prevented the use of 
atropin during the periods of regulai rhythm 

A series of electrocardiograms were made direetl}^ from various points 
on the chest wall during the normal beat and during fibrillation The 
technic described by Lewis® was followed, in the hope of gathering furtlier 
evidence regarding the significance of the waves of auricular fibi illation 
in the electroeaidiogiams The results weie unsatisfactory, as neither 
the P waves nor the waves of auricular fibi illation were distinct 

When this patient is consideied from an anatomical rather than fiom 
a physiological viewpoint it is found that the heart is normal as legauP 
its size, position and the charactei of the heait sounds hTo lalinlai 
murmurs were ever heard, and although tlie second aoitic <=onnfl vas 
somewhat accentuated, the muscle sounds were of good qualiW Tlie 
outline of cardiac dulness was measured lepeatedly, and no changes in 

8 Lewis The Ongin of the Electric Oscillations and the Direction 
traction of the Ventiicle in Instances of Complete Irregularitv of the Heart 
(Auricular Fibrillation), Quait Jour Med, 1911, i, H 
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si/e as those obseived by Lewis and Scbleitei® could be made out, as an 
accompaniment of the changes m mechanism A slight inciease in {he 
hue of the heart between the time of admission and of discharge was 
noted, however, the total width inci easing 1 cm dm mg this time 

The constantly high blood-piessure and the palpable arteries in the 
aims and temporal legions led to the diagnosis of aiteiial sclerosis The 
uiine gave no evidence of diseased kidne 3 ^s, as the usual tests were 
repeatedly negative except foi several hyaline casts on two occasions 
The functional activity of the kidneys was tested May 7 by the technic of 
Rowntree and Geiaghty,^® 6 mg of phenol sulphonephthalem being 
injected mtiamuscularly The first appearance of the drug in the urine 
was not definitely determined, but was estimated at about ten minutes 
During the first hour 36 8 per cent and during the second hour 31 9 
pel cent, oi a total for two hours of 58 7 pei cent of the drug was 
excreted Thus the functional activity of the kidneys was but slightly 
below the normal limits of excretion (40-60 pei cent the first hour, and 
60-85 per cent in two hours) The sole definite anatomical lesion, there- 
fore, IS apparently arterial sclerosis 

Arterial sclerosis is fiequentiy a piominent ehaiacteiistic of cases of 
auiicular fibrillation Thus Lea^^ found it present in 57 1 per cent of 
the non-ilieumatic cases in his senes No definite change in the cardiac 
muscle has been described in these cases with sufficient frequency to allow 
any conclusions to be drawn as to an anatomical basis foi auiiculai 
fibrillation and the post mortem examinations of some of the hearts in 
which fibrillation had been present reveal heaits which aie anatomically 
sound (Gossage and Hicks^^) Lewis'* believes that it is changes in the 
walls of the auricles themselves which probably cause fibrillation, and he 
lias expressed the opinion that anemia of the auricular walls may be a 
factor 111 setting up fibrillation Changes in the blood-supply of the 
aiiiiciilai walls may well have been an impoitant factor in causing the 
attacks of fibrillation in our patient The evident arterial sclerosis and 
the high but markedly changing blood-pressure might readily have caused 
abnoinialities in the cardiac blood-supply, which not only rendered the 
aiiiicles moie prone to fibrillation and abnormally susceptible to vagus 
stimidalion, but also furnished the immediate cause of an attack of 
aiiiiculai fibrillation by a temporary diminution ot the cardiac ciicu- 

0 Lewis and Schleiter The Relation of Regular Tachycardias of Auricular 
Oiigin to Auricular Fibrillation, Heait, 1912, in, 173 

10 Rowntiee and Geiaglity An Evpei imental and Clinical Study of the 
Functional Activity of the Kidneys by Means of Phenolsulphonephthalem, Jour 
Phai m and Exper Thei , 1909-10 i, 579 

11 Lea Some Points in Relation to the Etiogoly of Auricular Fibi illation, 
Qiiait Jour Xled , 1911, iv, 423 

12 Gossage and Hicks On Auricular Fibrillation, Quart Jour Med , 1913, 
M, 435 
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Mion There is veil little m suppoit of this hypothesis, but artenal 
sclerosis and high blood-pressme have been piomiiieiit in seieial cases of 
transitoiy aiiiienlar fibi illation which have been obsened Thus Horn- 
ung repoits three cases in which these abnoinialities weie pioininent 
featuies, and aiteiial sclerosis was also mentioned in two of Po\’s“ six 
cases rile case lepoited bj Lewis and Schleitei, although only 28 years 
old, had somewhat thickened arteiies, but on the one occasion recoided 
the blood-piessuie was low 

The paioxysms of auricular fibi illation may occur over a peiiod of 
many veais, and oui patient had them apparently foi twelve years One 
of Horuung’s cases suffered with attacks of caidiac aihythmia for five 
vears and anotliei for at least ten, while one of the cases lepoited bv Pov, 
the ease oiiginally observed by Cushing and Edmunds, had attacks for 
ovei twenty years These cases, theiefoie, do not alvaj'-s deserve the bad 
piognosis which is usually accorded to aiiiicular fibiillation They may 
have anatomically noimal hearts and be closely allied to cases of paiox- 
y'smal tachycardia, as Lewis and Sehleiter point out The piognosis ma^ 
not necessarily be moie grave than in tachycardia Howevei, the auiiculai 
fibrillation tends to become peimanent, as Fox^s cases well illustrate, and 
this is what happened m oui case, as fibiillation was piesent dining the 
last two months that he u as in the hospital, and continued until his death 
about two months after his dischaige Theie is, therefoie, apparently a 
gioup of eases which may be termed paroxysmal auricular fibrillation, in 
which arterial sclerosis may be an undeilying cause of the abnoimal 
cardiac activity and in which attacks of fibiillation may reciii ovei a 
period of many yeai s in patients ivith anatomically normal hearts, with- 
out gieat impairment to the general health 

SUMMARY 

A case is reported in which tiansient attacks of auriculai fibiillation 
weie observed and lecoided by electiocaidiograms These attacks had 
appaientlv oocuiied ovei a peiiod of twelve yeais, and auiicular fibiil- 
lation became permanent while undei observation No definite cause 
could be discovered as initiating the attacks No definite relation could 
be established between changes in blood-piessuie, winch was always 
abnoimally high and variable, and the changes in the caidiac mechani'jm 
The heart was strikingly susceptible to pressure over each vagus 
both dm mg fibiillation and during the noimal cardiac activitj’’ n- 
abnormality may be another expiession of the changes causing auiicu ar 
fibrillation Electrocardiographic records of these lagus effects uere 

obtained 

13 Hornung uber atypische Tacb>kardiscbe Paroxysmen, Detitsch Arch f 

^The Chnfeal Significance of Transitory Delirium Cordis. Am Jour 
Med Sc , 1910, cxI, 815 
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The heait of the patient gave no signs of an anatomical lesion, hut 
arteiial sclerosis, a frequent accompaniment of auricular fibrillation, -was 
present The presence of this lesion and the high, inconstant blood- 
pressure suggest the possibility that changes in the cardiac blood-supply 
may have been the underlying causative factor in tins case Otliei cases 
showing attacks of auricular fibrillation occuriing over a period of years 
have been reported in which high blood-pressure and arterial sclerosis 
were prominent features These cases seem closely allied to paroxysmal 
tachycardia, and although the auricular fibrillation tends to become 
permanent, the piognosis for them is not necessarily so grave as that 
which IS given in ordinary cases of auricular fibrillation with outspoken 
cardiac lesions 
1806 Locust Street 



THE MUTUAL ACTION OE CERTAIN DIGESTIVE 

FERMENTS 

J H LONG, ScD, AND G W MUHLEMAN, MS 

CHICAGO 

In the eailiest days of the investigation of some of the important sol- 
uble ferments, or enzymes, the question of their behavior toward each 
other came up for study In the human body we have to consider the 
action of the salivary, the gastric, the pancreatic and the intestmal fer- 
ments, and the hehavioi of each one of these may be modified not only by 
the reaction of the medium in which it acts, but also by the presence of 
others Since the activity of the salivary diastase is not confined to' the 
mouth, but IS continued to the stomach, the effect of the hydrochloric acid 
and pepsin present has naturally been the subject of frequent studies 
Practically, the behavior of the acid alone has real importance, since the 
ptyalin is so sensitive to the acid that even minute traces are sufficient 
to render it inert That pepsin, also, may have an effect on ptyalm, or 
ptyalin on pepsin, are academic questions of little practical importance, 
and of no importance at all in the present inquiry 

Much more importance attaches to the inquiry, Wliat is the action of 
the gastric juice, that is, of pepsin plus hydrochloric acid, on the group 
of ferments furnished by the pancreatic secretion In the normal condi- 
tions obtaining in the animal body, and especially in the human body, 
it IS evident that there is no interference of the one with the other Pass- 
ing down mto the intestme remains of the gastric secretion, with acid 
reaction, become speedily neutralized and brought into a condition in 
which pepsin, if any of it remains, cannot act on either proteins oi 
ferments The question, however, becomes a very different one when we 
seek to determine the action of the- pepsin, or the whole gastric juice, on 
artificial pancreas products given by the mouth, and which therefoie 
must pass through the stomach 

This IS the question which comes up in studying the behavior of the 
commercial product known as pancreatin, and we are permitted to ask 
about the action of these pancreas ferments, on the one hand, on pepsin, 
and, on the other hand, of the action of pepsin on them The question 
IS an old one and has been in the literature many years We find that in 
Ins classic reseaiches on the preparation and properties of trypsin Kuhne, 
in the seventies of the last century, touched on it, and many subsequent 
investigators have dealt with some phase of it 


* Submitted for publication Jan 5, 1914 



J H WNG — Q TF MU3LEMAN 


315 


In View of the wide-spread use of pancreatm the inquiry has no lit- 
tle practical importance, and it comes to ns now through questions 
raised in the investigations of the Council on Pharmacy and Chemistry 
on pancreas preparations which are supposed to resist the action of the 
gastiic juice and exhibit their characteristic effects after passing through 
the stomach 

That “pancreatm” is much weakened in its action by contact with 
pepsin IS often af&rmed and perhaps generally believed, if one can judge 
by the somewhat vague statement of the Pharmacopeia, Eighth Revision 
“The digestive power of pancreatm is injured by contact with pepsin in 
solution” Hot only is this statement vague, but also it may not be 
altogether in accord with facts The vagueness, however, is in a measure 
associated with the vagueness m the definition of pancreatm itself Under 
the name “pancreatm” we understand a product obtained in some man- 
ner from the pancreas of the hog or ox, but as to the method of prepara- 
tion or the ferment content of the article there is not much agreement. 
It IS usually assumed that all the pancreas enzymes are present, but in 
the method of testing official m our Pharmacopeia only one of them 
IS practically recognized and the content of this is assumed to be small 
As to whether the determined value found for the amylopsin is to be 
taken as a measure of the content of the other ferments, or not, nothing 
IS said 

Wliat IS called pancreatm is often not much more than fat-free 
ground pancreas Perhaps this is usually the case, but in the older 
view, and that still held by many writers, pancreatm should be obtained 
by some process of exh action from the pancreas, and precipitation or 
concentration of the extract The question of expense seems to prevent 
the manufacture in this way, as a rule, and there would be little or no 
advantage m the matter of stability 

Pancreas powders, or extracts, are in general very low in the lipase 
enzyme, and in the laboratory as well as m the manufacturing scale it 
is difficult to secure a permanent product which has much fat-splitting 
power In dealing with “pancieatms,” or other commercial products of 
this class, we are practically concerned with their amylolytic or proteo- 
lytic power only To what extent, if at all, are these ferment activities 
injured by contact with gastric juice or its pepsin-acid equivalent^ And 
in turn, have these ferments any action on pepsin^ 

Tliese are the questions we have attempted to answer through a 
senes of experiments 

1 TEE ACTION OF ETDROOELORIC ACID AND PEPSIN ON 

AMYLOPSIN 

This IS the statement of a problem which is more ideal than prac- 
tically workable, since neither the amylopsm nor the pepsin is obtamable 
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m a puie or nearly puie condition Both of the ferments, as ire obtain 
them commercially, or as we prepare them in the lahoratoiy, are asso- 
ciated with relatively large amounts of mattei which, while ineit as far 
as ferment action is concerned, may he very important in modifying 
feiment action This is true of the phosphate and other salt content of 
the ferment products 

Bor the purposes of this inquiiy the question is asked what is the 
behavior of the best obtamable laboiatory or commeicial products 
toward each other ^ and that is the problem to be discussed 

It requires but a brief study to show that the starch-converting fei- 
ment from the pancreas, as well as that from malt, is veiy sensitive 
toward acids 

Before touching the question of the pepsin behavior, it is therefoie 
neces&aiy to fix the limits of the acid action, as this, rather than pepsin, 
may be the mam factor in the case The Pharmacopeial statement is 
misleading in this respect Various statements aie found in the liteia- 
ture concerning the acid concentration which stops the amylolytie action 
of the feiments,^ and these statements are often in conflict because the 
experiments on which they were based were doubtless made with prod- 
ucts of very different degrees of purity, especially in respect to salt con- 
tent The phosphates of sodium, potassium, calcium and magnesium 
which are associated to some extent with most of these ferment products 
are important factois in modifying the action of added hydiochloric 
acid, and it must not be forgotten that the binding power of protein foi 
acid IS another factor 

To eliminate these factois as far as possible we ha'se sought to find 
the behavior of the acid by using glyceiol extracts of the ferment, as well 
as a considerable number of dry products 

These points, then, are to be considered under the general topic of 
pepsin-hydiochloric acid-amylopsin action 

A Action of dilute acid on glycerol extracts and dry products from 
the pancreas 

B Possible action of pepsin, alone, on these pioduets 
C Action of pepsin and acid on the same products 
The discussion of these problems must be preceded by an explanation 
of the methods of investigation employed, which, for the present piii- 
pose, need be but brief 

1 See, for example, the quotations in the work of Green, The Soluble Fer- 
ments and Fermentation, and the work of Oppenheim, Die Fermente und ihre 
Wirkungen, also Effront, Die Diastasen 
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A ACTION OF ACID ON GLYCEEOL EXTRACTS 

Geneial Conditions 

Glycerol extracts of the pancreas have been used by many observers, 
and in our own laboratoiy for years The activity of such extracts and 
the best conditions for preparation have been most clearly pointed out 
by Vernon in a series of papers which have gone pretty fully into this 
phase of the subject ^ 

In our work the pancreas extracts were made by mincing the organs 
very fine and macerating through about three weeks with twice their 
weight of pure glycerol The mass, thick at first, grew much thinner in 
time from the evident partial digestion Finally the liquid was sepa- 
rated pretty thoroughly from the suspended particles by straining and 
by centiifugalization in a powerful machine capable of taking eight tubes 
of 100 c c each at one operation In this way we secured about 1,600 
e c of a cloudy liquid which deposited but little on standing This was 
extremely active in amylopsm and trypsin, although prepared with care- 
ful exclusion from contact with any portions of the intestinal mucosa 
Even without the addition of salt the liquid was markedly active on 
staich, but the addition of the salt brought an increase in the activity. 
In all our experiments aqueous dilutions of this extract were used, m 
some cases a 1 10 dilution and in other experiments a 1 50 dilution, 
filtered 

Vernon and others who have worked with such extracts state that 
they retain their activity through months With water solutions, how- 
evei, the case is quite difierent, and in a 1 50 dilution, ox even in a 
1 10 dilution there may be a very marked loss of activity in from ten 
to fifteen hours, as when the solutions are allowed to stand over night 
The loss of power is much increased by a slight elevation of temperature 
and at 40 C may be very decided 

If, however, the dilutions are made with salt water in place of pure 
water, tiie stability is found to be much greater These facts were illus- 
tiated by a large number of experiments made with some commercial 
pancreatm preparations, as well as with glycerol extracts, in an effort to 
find an explanation for the great variability in the relative strengths of 
the market preparations It was found necessary, therefore, to use the 
watei solutions of gljuerol extracts as soon as possible after preparation 
in Older to secure the maximum activity This precaution is recom- 
mended by several manuf actui ing firms in methods given for testing 
then panel eatins 

2 Veinon, H ]M These papeis deal with tryptic as well as diastatic action 
See Journal of Physiology, 1901, 405, 1901, xxvii, 269, 316, and in other 

places 
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The value of diastase preparations is practically determined by tlieir 
action on staieh paste To secure definite and constant results much 
depends on the method employed in makmg the paste, and for details on 
this point we refer to the general scheme as followed in this laboratory ' 
and described by Johnson and one of us^ in a recent publication 

Method of Observation 

In following out the action of diastases on clear starch paste made 
up usually to the strength of 10 gm of anhydrous starch to the liter, we 
employ the form of the lodin test worked out in this laboratory and 
repoited by Johnson ^ In the digestions, always at 40 0, we carry the 
reaction to the coloiless end-pomt, when 5 drops of the digesting fluid 
are added to 5 e e of a dilute lodin solution, made by dissolving 1 gni 
of lodin and 2 gm of potassium lodid m 125 c c of water and diluting 
2 c e of this solution to 1 liter, finally, for use 

When the dilute starch paste is added to this lodin solution the blue 
color comes out sharply As digestion proceeds the blue changes to a 
purple tint, then a purplish red, a rather deep red, a light red or reddish, 
a yellowish shade and finally colorless, or at most the faint shade of the 
weak lodin solution It may be advantageous to use even a weaker lodin 
to note the final tint, but usually we do not do this When used with 
pancreatic preparations Sherman® objects to this method of following the 
reaction because of the appearance of the red shades But it is just this 
appearance and the gradual changes which constitute the most desirable 
features of the lodm test Its advantages have been pointed out by 
others ® The conversion of starch to sugar is far from bemg an imme- 
diate process, and whether the dextrms are definite and sharply definable 
bodies or not, we must admit that there are various stages m the change 
from the original starch to the final malt sugar The purple color which 
succeeds the blue conesponds to the so-called amylodextrin of some 
authors, and its appearance is a valuable indication of the progress of the 
action This stage is followed by that of other mixtures, not definite, of 
course, but all clearly suggestmg the rapidily of the transformation It 
is desirable to employ a method in which this transformation may be con- 
veniently followed, and this is true of the lodin method as used by us 
At the end we have just as much information as may be derived from 
the copper reduction tests, which we have often used for controls, and 
much additional information, besides, which may be lost by making the 
copper reduction tests in the presence of an excess of starch In tech- 

3 Long and Johnson Jour Am Chem Soc , 1913, 'ixxv, 89G 

4 Johnson Jour Am Chem Soc, 1908, \xx, 798 

5 Sherman and Colleagues Jour Am Chem Soc , 1910, xxxn, lOSl 

6 See Roberts Proc Royal Soc, 1881, xxxu, 145, Detmer Ztschr f 
physiol Chem, 1882, vn, 1 
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meal inquiiies as to tlie value of relatively strong diastase preparations 
the copper methods are undoubtedly the most satisfactory, hut in a 
strictly physiological study, ivhere the time element is important, certain 
advantages seem to rest with the lodin process 

With this general discussion of the preparation of the materials and 
the method of testmg we are ready for a description of the experiments 
carried out to test the behavior of weak acids toward the starch-amylopsin 
reaction. 

Like the other actions, that of acids on the starch-digestmg ferment 
of the pancreas has been much discussed It seems desirable to hrmg out 
certam conditions here which have not been clearly recognized, although 
they have been m part pomted out by previous writers 

Amylopsm is much more sensitive to the action of traces of acids 
than to alkalies, and the final effect is more or less dependent on the 
presence of salts, which may not only serve to stimulate the catalytic 
action of the feiment, but also act to depress the activity of the acid 
hydrogen m its paralyzmg behavior Attempts have been made to show 
that diastase absorbs gaseous hydrochloric acid through some other than 
a basic property, and that a large part of the gas may be removed by 
suction without havmg fully destroyed the ferment Panzer" has pub- 
lished a lengthy mvestigation on this subject, but the weight of acid 
added to the ferment preparations was m all cases so large as to permit 
no conclusion concerning the behavior of the small acidities which really 
come into consideration where the physiological action is concerned The 
same is true of the experiments where aqueous acid was used with gram 
or half-giam weights of the ferment In one case 1 gm of a certain 
diastase preparation and 0 06775 gm of hydrochloric acid, made up to 
about 80 c e , stood an hour and was then neutralized with sodium 
hydroxid and diluted to 100 c c Portions of this dilution were then 
allowed to act on starch paste, the lodin and sugar tests being made from 
tune to time The figures given show a greatly dimmished diastatic 
conversion, as one might expect from the rathei high acid concentration 
In discussmg this and other experiments, the author states that the 
'=mall amount of salt formed in the neutralization cannot be m any way 
responsible for the modification of the diastatic action, smee such small 
quantities are of no significance This conclusion does not appear to be 
warranted by facts already referred to, which will be brought out below. 
The salt here is undoubtedly of very considerable importance 

In our tests we considered the behavior of those small weights of 
acid which have piactical significance Small definite volumes of the 
glycerol extracts, diluted, were mixed with known weights of acid, and 

i Panzer Ztsclir f pbysiol Cliem , 1912, Ixxxii, 276 
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the mixtmes made to constant volumes These weie then incuhated at 
40 C thiough a peiiod of half an hour, usually, after irhich a constant 
volume of the 1 per cent starch paste was added and the mcubatjou 
continued From time to time drops were taken from the mcuhatmg 
mixtures to test foi the disappeaiance of the lodm-stareh reaction winch 
would show the conversion of the staieh to sugai or foiins of dextrin 
which do not react with lodin The rapidity of this conversion is a 
measure of the activity of the amylopsin present As the action of the 
acid becomes evident, the time required to convert all the starch to 
products not giving a color with lodin is lengthened 

Two conditions in the last steps of the leaction may be noticed 
After the incubation of the ferment and acid mixture the starch may 
be added directly and a new incubation made, or, after the preliminary 
incubation, a little weak alkali may be added to neutralize the acid before 
mixing with the starch paste In the first case the starch digestion takes 
place in a slightly acid medium, while in the second it is neutral Botli 
lines of observation were followed 

In all eases some salt was added to the amylopsin extracts, to bung 
them all up to the degree of maximum activity which may be secuied in 
this The importance of this in compaiative tests has been frequently 
pointed out 

Experiment 1 — Ten cc of a glj'ceiol evtiacfc of pancreas made by diluting 
the original thick extract with wafer m the propoition of 1 49 One hundred 
mg of sodium clilorid added Amounts of hydiocliloiic acid as show helow 
were added from dilute solution and the whole diluted to 50 c c for each test, 
carried out in 200 c c flasks Incubated tini ty minutes at 40 C and added to 
each mixture 50 c c of 1 pei cent starch paste Incubated again and withdrew, 
from time to time, 5 diops fiom each flask for lodin tests 

In a control flask no acid was used, and tests made with this at the end of 
three minutes showed complete absence of color, indicating total conveision of 
the starch In five other flasks, with 1, 3. 5, 7 and 9 mg of acid theie nas no 
peiceptible conversion, as a strong lodin reaction nas found in each case, even 
after an hour of incubation with the staich In a parallel experiment the acid, 
after the preliminary incubation of thirty minutes, was neutialized with sodium 
bicarbonate In the following incubation nith starch paste the same lesults neie 
obtained as betorc 

Experiment 2— Ten cc of a 1 10 dilution of the glycerol extract veie 
taken foi each test and with 100 mg of salt diluted to 50 cc Each test flask 
contains, then, in the 50 c c Ice of the original glycerol extract, and \v eights 
of acid as in Expel iment 1 Aftei thirty minutes incubation at 40 C 50 cc 
of 1 per cent starch paste nas added to each flask and final incubation began 
In the control flask, nitli no acid added, the staicli reaction disappeared in three 
minutes In a flask with 1 mg of hydrochloric acid the starch reaction began 
to fade m less than six minutes, was weak in ten minutes, and absent in an 
houi With strongei acid concentrations, 3 mg and aboie, the starch reaction 
nas aluajs sharp, eien after one hour 

Experiment 3 — -Conditions same as in 2, but twice as much of the glvcerol 
extract present In the flask -rtitli 1 mg of acid present the starch reaction dis^ 
appeared in the same manner as before, but with the concentrations of 3, o, t 
and 9 mg of liydroehlonc acid there was a perceptible change in the starch rcac 
tion in an hour The blue color had gnen place to purple 
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In this last expeimient tlieie is a suggestion that with larger initial 
amounts of the pancreas ferment present there is greater practical resist- 
ance to the acid Some of the ferment seems to have escaped destruction 
and IS able to bring about a slow conversion of starch In the following 
experiment still moie of the ferment was used 

Expcriment 4 — For each test 5 cc portions of the oiiginal glycerol extiact 
were diluted with water to 50 c c , receiving at the same time weights of acid 
as given in Table 1 and 100 mg of salt in each case After the preliminary 
incubation of thirty minutes at 40 C , 50 e c of paste was added to each flask 
and the final incubation started The results axe shown in Table 1 Complete 
destruction of the starch, as shown by absence of lodin reaction, is indicated 
by +j when there is no conversion of starch this in indicated by — Partial 
conversion is indicated by rp, ivith this sign to indicate a progressive change — 

TABLE 1 — Digestion op Stabch with Panckeas Extract Previously Incu- 
bated WITH Htdrociilokic Acid and Salt (Experiment 4) 


Time of Incubation, Minutes 


HCl Mg 

3 

6 

10 

15 

30 

45 

0 

+ 

+ 

+ 

+ 

+ 

+ 

1 

+ 

+ 

+ 

"k 

+ 

+ 

3 

+ 

+ 

-k 

+ 

+ 

+ 

5 

+ 

+ 

-k 

+ 

+ 

+ 

7 

“H 

+ 


+ 

+ 

+ 

0 

“ 4 - 


■k 

“k 

+ 

+ 

11 



— >-j- 

— »-k 


■ ■ ^ ■ k 


A^'ith this stronger concentration of enzyme, its destruction appears 
to be very much delayed The results seem to suggest that the effect 
depends not only on the acid concentration, but on the enzyme concen- 
tiation also In othei woids, a given weight of acid will destroy or 
inliibit the action of a given amount of enzyme only A weight com- 
bination between the two is suggested in this way, but there is another 
possibility which must be noticed, and that is that the increasing weight 
of incit protein substance added with the largest weights of feiment 
binds to some extent the acid and weakens its action 

The amount of protein present, however, is in no case sufficient to 
hold enough of the acid to effect a maiked change in its concentration 
Certain salts present may have a larger influence on the behavior, as 
will be pointed out below 

A moment's consideration will suggest that the absence of digestive 
powei on the part of the ferment, as shown by the starch test made, may 
be explained in two ways first, the feiment may be destroyed in the 
incubation process, or second, the ferment may not be destroyed, but its 
activity toward the starch may be hmdeied by the presence of the acid 
It IS well known that larger quantities of acid will stop conveision of the 
starch, and possibly with the smaller quantities here employed this may 
take place, without involving the actual destruction of the enzyme Some 



322 TET3 ABGElYE^ OF INTERNAL MEDICINE 

expeiiments with an active commercial pancreatic diastase throw light 
on this point This product contams considerable ehlorid, from the 
process of manufacture 

Experiment 5 —Pancreas powder, 500 mg to 100 c c plus 3 mg of hydro- 
chloric acid Incubated 50 c c , a, through thirty minutes at 40 C , and allowed 
the other 50 c c b, to stand thirty minutes at room temperature Tlien mi\ed 
small volumes with 50 cc of starch paste, 1 per cent, incubated again, and 
tested after the intervals as shown in Table 2 The degree of conversion is indi 
cated as in 4 

Exepkiment 6 — Conditions same as m 5, but 6 mg of hydrochloric acid was 
present in the 100 cc with the 500 mg of pancreas powder (Table 3) 

Experiment 7 — Conditions as in 5 and 6, but 32 mg of hydrochloiic acid 
present in the 100 cc for the preliminary incubation (Table 4 ) 


TABLE 2 — ^Digestion of Starch with Pancreas Extract Previously Incu- 
bated with 3 Mg Hydrochloiuc Acid (Experiment 5) 

Time of Action on Starch, Minutes 
Ferment a i 


Solution t ^ , r 


c c 

5 

10 

20 

40 

60 

5 

10 

4 

— 

->+ 


+ 

+ 

+ 

+ 

6 

— 



1 

*r 

+ 

+ 

+ 

8 

— 

+ 

+ 

+ 

+ 

+ 

+ 

10 

— 

+ 

+ 

+ 

+ 

+ 

+ 


TABLE 3 — ^Digestion of Starch with Pancreas Extract Previously Ikou 
BATED with 6 Mg HYDROCHLORIC ACID (EXPERIMENT 6) 

Time of Action on Starch, Minutes 


Ferment 


a 




b 


Solution c" 

c c 5 

10 

15 

25 


5 

10 

15 

4 — 

-- 



— 

— 

— ^-f 

+ 

+ 

6 — 

- 



— 

+ 

+ 

+ 

8 — 



— 

— 

— 


+ 

+ 

10 — 

— 

— 

— 

— 

+ 

+ 

+ 


TABLE 4— Digestion of Starch with Pancreas Extract Previously Incu- 
bated WITH 12 Mg Hydrochloric Acid (Experiment 7) 


Ferment 
Solution 
c c 
4 
6 
8 
10 


Time of Action on Starch, Minutes 


r 

5 

10 

15 

25 

35 

5 

10 



- 


— 

— >+ 

+ 







— 

1 — 

+ 

+ 





- 

■ — 

— 

+ 

+ 


- 

_ 

— 

— 

+ 

+ 


15 

+ 

+ 

+ 

+ 


With the smallest acid concentration, 3 mg of hydrochloric acid to 
100 c c , it IS seen that the prelimmary incubation does not completely 
destroy the ferment action It is somewhat delayed, however Possibl), 
the action of the acid is much modified by the piotein and salts present 
But with 6 and 12 mg of acid to the bundled cubic centimeters, witi 
the 500 mg of pancreas powder there is a very difi?erent picture In the 
incubated portion there appears to be a complete destruction of the 
enzjune, since no change is found in the reaction with starch piasfe wit i 
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the largest amount of ferment solution or after prolonged action on the 
starch In the portions not incubated^ with the acidity the same, starch 
conveision goes on rapidly in all eases 

These experiments show that the amounts of acid used, which are 
sufficient to destroy the ferment in incubation, are not sufficient to 
impede the actual digestion 

The acid effect is shown in the incubation with the diastase, not in 
the behavior of the diastase with starch Other experiments showed that 
starch conversion will go on in presence of much larger weights if acid, 
but it IS evident that very small concentrations of acids destroy the fer- 
ment at the incubation temperature 

In this connection it may be asked what is the effect of the addition 
of alkali soon after the addition of acid to the ferment^ In the experi- 
ments of Panzer, referred to, an attempt was made to answer this ques- 
tion, but the somewhat unfavorable conditions of the experiments made 
the answer uncertain Some of our experiments on this point suggested 
a partial recovery of activity, by speedy addition of alkali In mixtures 
incubated for some time the addition of alkali had but little effect, but 
when sodium bicarbonate was added soon after the acid, with no incuba- 
tion, the result was somewhat different, as shown by these experiments 


Experbient 8 — Ten c c portions of a 1 10 glycerol extract of pancreas 
{1 cc of tlie original strong extract diluted to 10 cc ivitli water) was mixed 
with 100 mg of salt and acid as below and diluted to 50 cc No preliminary 
incubation Each portion was then incubated with 50 c c of 1 per cent starch 
paste for the time shown in Table 5 


TABLE 5 — ^Digestion of Starch with Pahckeas Extract Mixed with Salt 
AND Htdrochlorio Acid (Experement 8) 


HCl Mg 

1 

3 

5 

7 

9 


Time of Action on Starch, Minutes 


3 

6 

10 

15 

30 

90 

+ 

+ 

+ 

+ 

+ 

■k 


+ 


+ 

+ 

+ 



'■ ' “ 


■■ ■ 

— — 


Experijient 9 — Conditions as in 8 But immediately after mixing with the 
acid and shaking, the equivalent weights of sodium bicarbonate were added 
That IS, the acid was neutralized as quickly as possible, so that its action on the 
ferment solution was for a brief time only Then each portion was mixed with 
the starch paste and incuhated as before (Table 6) 

TABLE 6 — ^Digestion or Starch with Pancreas Extract, Mixed with Salt 


AND 

Hydrochloric 

Acid, 

Neutralized 

with 

Sodium Bicarbonate 




(Experiment 9) 





Time of Action 

on Starch, Minutes 


HCl Mg 3 

6 

10 

15 

30 

60 

0 

+ 

+ 

-k 

+ 

+ 

+ 

1 

-k 

-k 

-k 


■k 

-k 

3 

->+ 

+ 

+ 

+ 

-k 

+ 

5 

7 



— >-k 
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With the ■weights of acid heie used theie seems to be a piactical 
destiuetion of the ferment in a minute or less, of action The failuie 
to convert the stareli is not due to the presence of acid, smce in Experi- 
ment 9 the acid is neutialized before feiment solution and paste aie 
mixed The reaction heie is neutral It will be noticed that -with the 
smaller acid concentration there is some little effect b}'^ speedy addition 
of the bicarbonate, but it is not veiy maiked Unless protected by 
piotein or salts the ferment is very lapidly injured or destroyed by 
traces of acid 

There appeals, at first sight, to be a disci epancy between the last 
results and those of Experiment 7, in which 12 mg of acid with feiment 
diluted to 100 c e , but not incubated, left the diastatic activity still 
marked In this case, however, the feiment was in the foim of 500 mg 
of a pancreas powder, and the effect of the protein and salts present 
would doubtless be of moment The glj^cerol extracts do not contain 
much protein 

From all these experiments it appears that veiy low concentiations 
of acid destroy amylopsin Experiment 8 shows that 3 mg of the acid, 
not neutialized at once, destroxs the diastase activity to such an extent 
that there is practically no starch conversion in ninety minutes This is 
a strength of 0 006 per cent in the ferment solution, before adding the 
staich That is, 16 cc of 0 1 normal lij^diochloric acid to 100 cc 
destioys even the beginning of staich conversion Kendall and Sherman® 
have shown that about one-fourth of this stops the conversion to the 
sugar stage in a diastase-staich mixture Our results are not very diffei- 
ent fiom those found by Kjeldahl for the effects of dilute sulphuric 
acid on malt infusions He found that 10 mg of the acid for 100 c c 
of paste and infusion practically pi evented the starch conversion ” 

Langley and Eves^® state that 0 005 per cent of hydrochloric acid is 
destiuctne to the action of ptyalin, while one-thiid of this slow's the 
reaction peiceptibty, which accords pietty well ■ivith our expeiience 

But it must be recognized that the amount of the feiment, or the 
accompanying proteins, plays a veiy impoitant part here, as showm by 
Expel iment 4, in which a dilution of the same glycerol extract, but fi'\e 
times as strong as in 2, 'was employed In that experiment even after 
incubation, a maiked diastatic activity was found in a solution with IS 
mg lydrochloiic acid to 100 c c of ferment solution This fact max 
reconcile the somewhat conflicting statements given by Langley and 
Eics’® and by Chittenden and Elj^^ foi the destructive effect of the acid 

S Kendall and Sherman Jour Am Chom Soc , 1910, vs.\n, 1091 
9 Sec KfTront Die Diastasen 1900, p 121 

10 Lanplc^ and D\c‘5 Jour Pliysiolog'v 1SS3 n IS 

11 Chittenden and Elj Am Chem Jour, 1SS2, iv, 107 
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Small amounts of acid are undoubtedly stimulative under certain condi- 
tions, and often by the formation of an alkali salt Wbeie relatively 
laige amounts appear to have but slight action, it may be on account of 
the presence of much piotein, which combines with the acid, or on 
account of salts like bicaibonates or phosphates, which in a sense neutral- 
ize it through liberation of a weaker acid of lower dissociation It is 
ceitam that the ferment, not protected in some such manner, is extiemely 
sensitive 

It IS doubtless true that the hydrogen ion content of the solutions in 
question is the important factor in determining the action on the fer- 
ments This has been shovoi for a number of enzymes and is probably 
the case here In this connection the papers of Sorenson^^ deserve con- 
sideration But in addition to the effect of the hydrogen ions there is 
also a neutral salt effect which is not so clearly understood and which 
complicates the general behavior 

B THE ACTION OF PEPSIN ON AMYLOPSIN 

We come now to the consideration of the behavior of pepsin alone 
toward the solutions of pancreatic diastase It is commonly held that 
pepsin IS without any action in neutral solutions oi solutions of very 
low acidity, and this is doubtless true in respect to the behavior with 
coagulated egg albumin and other common protein substances It does 
not necessanly follow that the same should hold for diastase or other 
enzjTues There appear to be no very definite statements on this point 
in the literature Experiments reported by Wroblewski, Bednarski and 
Wojczynski appear^® to lead to the conclusion that a pepsm solution in 
absence of acid is able to partially destroy malt diastase, and that when 
acid is present the pepsin increases the action of the latter The dias- 
tatic activity is measuied by coppei suboxid reduced from Pehling solu- 
tion, but the results of a series of tests are so iriegular as to leave one in 
doubt as to their interpretation We have carried out some tests with gly- 
cerol extracts of pancreas and with active commercial preparations from 
the gland The geueial method of observation consisted in noting the late 
and extent of action on standard starch paste of a senes of pancreatic 
solutions, some of which were not mixed with pepsin solutions, while 
others received an addition of pepsin solution, in some cases boiled and 
in others not In such experiments it must be kept in mind that incu- 
bation alone materially weakens the strength of amylopsin solutions 
Observations must be made in sufficient number to measure and allow 
for this behavioi When precautions are taken to have the salt content 

12 Sorenson Bioctem Ztsclir , 1909 vsi and later 

13 Wroblewski, Bednarski and Wojezmski Beitr z cbcm Physiol u Path 
1902, 1, 229 
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and other conditions the same it cannot be discovered that pepsin in 
neutial solution has any effect on the conversion of starch by amylopsm 

These necessary conditions are secured here by treatmg the diastase 
solution in parallel experiments active pepsin and pepsin rendered 
inacti\e by heat In tests made with the laboratory pancreas extracts 
and commercial products no definite effect could be proved 

C THE ACTION OF PEPSIN PLUS HTDROCHLORIO ACID ON AAIYLOPSIN 

It has been shown above that even very weak acid has a destructive 
or inhibitmg action on the pancieatic diastase, and that pepsin alone has 
little or no action on the same ferment It remains to inquire what is 
the behavior of pepsin plus an acid of a strength below the destructive 
strength on the ferment Will pepsm aided by such an extremely weak 
acid have any action in excess of that of pepsin alone ^ It is well known 
that as far as the action on egg albumin is concerned an acid of appre- 
ciable strength is required to brmg about digestion, but a weaker acid 
may be sufficient to exert some effect when pepsin is present If a weak 
acid retards the action of amylopsm to a certain degree, will the 
piesence of pepsm retard it still more^ This is one way to approach 
the question, and we have carried out a number of experiments in this 
direction, which are here explained 

Exterdiem 10 — Fne portions of a glycerol extract of pancreas were made 
up to 100 c c with acid and pepsin as shown in Table 7 These mixtures were 
incubated through three hours at 40 C and then 1 c c of each was incubated 
again u ith 25 c c of 1 per cent starch paste The results are shown in Table 7 

T^iBLE 7 — Digestion or Starch with Pancreas Extract, Previously Incu- 
bated WITH Hydrochloric Acid and Pepsin (Experiment 10) 

1 Per Cent 

Test No HCl hig Pep Mg Sarch, c c '' Cona ersion 

1 5 100 25 No conversion 

2 5 50 25 42 minutes 

3 5 ' 25 25 27 minutes 

4 5 — 25 20 minutes 

5 — — 25 11 minutes 

The 5 mg of acid m 100 c c equal 0 005 per cent , which amount of 
acid vas found before to hate little destructite effect on the amylopsm 
It ma-y dela} the reaction to the colorless end-pomt, but does not kill 
the amjlopsin The long mcubation is more important than the acid m 
this case "W ith increasing amounts of pepsm we have a check on the 
rapidit} of the conversion, and with 100 mg of pepsin present the reac- 
tion becomes so slow as to escape notice 

Another set of expeiiments vas arranged m a different way as shown 

EvPFrnirNT 11 — ^Ten cc portions of a 1 10 glyceral extract of pancreas 

were mixed u ith hydrochloric acid and pep«in to make 25 c c of solution as 
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shown in Table 8 These mixtures were incubated thirty minutes at 40 C and 
then, after neutralization, incubated with 25 cc of 1 per cent starcb paste 
The mixtures were tested by the lodin reaction at different inteivals 

TABLE 8 — ^Digestion of Stabch with Pattceeas Extract, Pkevioitsly Incu- 


BATED 

(Thirty Minutes) 

WITH 

Hydeochlobio Acid and Pepsin 

and 



Neutralized 

(Experiment 11) 




HCl 

Pepsin 

Incubation with 

Starch and Result After Minutes 

est No 

Mg 

Mg 

3 

8 

13 

18 

30 

1 

04 

10 

— 

— 

' — ■ 

— 

— 

2 

04 


— »-f- 

+ 

+ 


+ 

3 

08 

10 

— 

— 

— 

— 

— 

4 

08 


— 

— 

— >-j- 



5 

1 2 

10 

— 

— 

— ' 

— 

— 

6 

12 


— 

— 

— 

— 

— 


In the pepsin-contaming mixtures the conversion of the starch is 
very much delayed, even with the weaker acid content In absence of 
pepsm, vnth the loiver acid concentiations, we have a distinct conversion 
of starch 

Experiment 12 — Same as 11, but with a preliminary incubation of ten min- 
utes (Table 9) 


TABLE 9 — Digestion of Starch with Pancreas Extract, Previously Incu- 
bated (Ten Minutes) with Hydrochloric Acid and Pepsin and 
Neutralized (Experiment 12) 



HCl 

Pepsin 

Incubation 

i with Starch and Result After Minutes 

Test No 

]\Ig 

Mg 

3 

8 

13 

18 

30 

1 

04 

10 

— 

. — 

— 


— 

2 

04 



_j_ 

+ 

+ 

+ 

3 

08 

10 

— 

— 

— 

— 

— 

4 

08 





~->~h 

— 

5 

12 

10 

— 

■ — 

— 

— 

— 

6 

12 


— 

■ — 

— 


— >-j- 


When the mixtures with the pepsin were given more time it was 
found that a partial change of the starch followed, hut slowly There 
appears to he, therefore, some action of the pepsin and acid which the 
acid alone does not possess In a later series of experiments the method 
was varied by adding boiled pepsin solution in the control This intro- 
duced the same amount of protein But the results were of the same 
order With the active pepsin present in the preliminary incubation 
there was a delay later in the starch digestion 

Experiment 13 — ^An active pepsin was used, 100 mg to the 10 c c A solu- 
tion of an active commercial pancreatin Avas made containing in 200 c c 1,000 
mg of the ferment, 6 mg hydrochloric acid and 200 mg sodium chlorid Fifty 
c c Avas incubated Avith 5 c c of the pepsin solution, boiled, through thirty min- 
utes It Avas then mixed Avith 50 c c of 1 per cent starch and incubated until 
the lodin reaction disappeared This required twenty-five minutes A second 
50 c c Avas mixed with 5 c c of active pepsin solution and incubated the same 
time, and then Avith starch Forty minutes were noAV required for the disappear- 
ance of the lodin reaction 
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lliese Aanoiis tests show cleail} some action of the pepsin on the 
aimlopsin feinient But nitli commeicial specimens the behaYioi is not 
alwais so distinct, possibly because of the varying content of inoiganic 
salts in the latter As the limits of acidit}’- within which am 3 dopsm can 
act at all are only nairow, it may happen that the salts null neutralize 
the small amount of acid so that the pepsin in turn cannot be activated 
This has been the ease in some tests made, and here no definite effect 
in the diiection of letaidation could be afiirmed The subject, there- 
foie, IS one nhich is suirounded with a considerable number of difficul- 
ties In the normal action in the body no action of the pepsin on 
annlopsin is likely because of the legulaily occuriing neutralization, but 
m Mew of the results of the expeiiments it is possible that some destruc- 
tion of amylopsin might occur in the stomach It is a question of reac- 
tion and excess of acid and the balance between the different phosphates 
a*: modifiers of acidity 

2 THE ACTION OP HYDROCHLORIC ACID AND PEPSIN ON TRYPSIN 

We liai e here a question much like that discussed under 1 Wlien the 
action of pepsin on trypsin is refeiied to it should be nndei stood that 
pepsin in presence of hydiochloiic acid is actually in mmd in the great 
majoiitj' of cases It has never been demonstrated that pepsin alone 
has any action on trj’^psm The behavioi of the acid alone has been fre- 
quently studied, but we have no verj”^ clear statement as to the behavior 
of pepsin and the acid under conditions which are important for the 
present inquiry 

iluch of our knowledge of the digesting power of trypsin goes back 
to the time of Kuhne, and raanj’’ workers in the experimental field as 
well as on the commercial scale have followed his directions Attempts 
to produce tri-psin by the processes originally described b}" Kuhne'^^ jneld 
at best a ler}'' weak product, with uliicli it is difficult to make satisfactory 
experiments on the behai lor of acids and alkalies The effects are in all 
cases modified by the presence of lelativelj’’ large amounts of accom- 
panjing ineit proteins Kuhne spoke of his products as bemg able to 
digest bits of fibrin rapidly, but there is nowhere any evidence as to the 
lelatne weights of fibrin and feiment employed It is likely that he 
must bale used verj’^ much more of crude ferment than of fibrin, unless 
we accept the somewhat questionable hypothesis of Mays^® that by acci- 
dent, almost, Kuhne secured extracts of the beef pancreas which were 
of a potcnce not since attainable b} others It was not thought necessary 
at the time of these eailier investigations to add anything to the pan- 

14 Ktilino Vcrlmndl d niturli med Vcr /u Heidelberg 1877, p 194, Unter- 
=iicb a d pln-iol In«t d Uni\ , 1878 i 

15 Zt-,cbr f pln«iol Cbem , 1903, \x\mii, 428 
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Cl Gas powdei or Gxtiact to bung about activation, and tins fact lias led 
to some question as to the leal activity of the Kuhne pioducts 

Wliatevei their proteolytic power, however Kuhne mentioned that 
these ferment substances were extiemely sensitive to acids He stated 
that in the presence of 0 05 per cent of hydrochloric acid their activity 
IS still held, but above this destiuction soon follows This statement is 
sometimes misquoted and made to say that in 0 05 pei cent acid the 
feiment is destroyed It was shown by other workeis that a much 
gi eater acidity is necessaiy for actual destruction Thus, Engesser 
asserted^® that the panel eas powdei made by him was able to lesist an 
acidity of 0 5 pei cent hydioehloiic acid Of the same product Ewald 
says^^ that in piesence of 0 3 per cent hydrochloiic acid it is able to 
dissolve fibrin to the condition of a turbid solution These contradictory 
statements have long been quoted in the literature It is likely that the 
last-named writers overlooked the fact that acid of the strength used is 
sufficient to bung about a partial solution of the fibrin in time In hydro- 
chloric acid of 0 3 per cent strength fibrin swells to a ]elly-like mass, 
and if enough liquid is piesent, slowly dissolves It is also tiue that the 
pancreas powders as made by the Engesser process contained so much 
protein that they would probably neutralize a considerable amount of 
acid by combination 

It will be recognized that the question of the action of pepsin on 
trypsm must depend largely on the behavioi of the acid itself with tryp- 
sin, since pepsin can be used only in acid medium From his experi- 
ments Ewald concluded that tiypsin is destroyed in acid solutions 
containing pepsin, and that the lapidity of destruction is proportional to 
the amount of pepsin present Engesser admitted that any trypsin 
piesent as such would be quickly destroyed by acid and pepsin, but he 
held that in the pancreas powders the tiypsin is present as a '^zymogen,” 
which has a greater resisting power toward acid and pepsin 

These views have mainly a histoi ical interest at the present time, but 
it IS proper to note that views almost as divergent on the two main 
contentions, the concentration of the acid which destroys trypsin, and 
the effect of pepsin and acid on trypsin, are still expressed in recent 
liteiatuie Part of the difficulty in the problem seems to be due to the 
character of the various trypsin preparations employed by different 
investigators The ferment activity of the pancreas powders made in the 
laboratory is often very low, and the same is true of most of the market 
pioducts, as already intimated It is commonly recognized that trypsin 
products, m general, have but a feeble action on raw egg albumin, but it 

Engessei Ztschr f klin Med, 1880, n, 192, Maly’s Jahresber , 1880, x, 
17 Ewald Ztscbr f klin Med, 1879, i, 615, Maly’s Jabresber , 1880, x, 297 
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IS often o^ellooked that the action on boiled egg albumin is also xela- 
tnely sloi\', altbougb easil)' followed with model ately strong preparations 
If tested by their action on coagulated egg, many market pieparations 
would bale to be pionounced piaetically ineil, while with casein oi fibiin 
a fairly sbaip digesting powei might be shown, as will be illustrated 
latei The bebavioi of acid towaid trypsin may be best showm by the 
use of fibiin or casein as a test material, rather than egg 

In 0111 efforts to deteimine the action of weak hydroehloiic acid on 
ti}psm we have used a numbei of products first, a laboratory pancreas 
powdei and a laboratory gl3'^ceiol extract which had stood long enough 
to become aetiie, second, samples of Gineblers trypsin, and finally the 
products of some American manufacturing laboratories The best of 
these, by far, is the “trypsin” of Taireliild Brothers and Foster, ISfew 
Yoik, w'hich may he lecommended foi scientific investigations Speci- 
meus which haie come undei oui observation seem to have about four 
times the digesting powei toward fibiin possessed by the Gruebler piepa- 
lation, which is often taken as a standard for comparison The “extract 
of pancreas” of the same firm, P B and F , is also very active, and in 
the experiments to follow wall be often referred to 

As in the inquiry on the behavior of acid and pepsin toward amylop- 
sin, we have also here the question of the action of acid alone to con- 
sider, and also other points as follows 
A The action of watei on trypsin 
B The action of liydiochloric acid on tiypsin 
C The aetion of pepsin and acid on trypsin 

In studying the action of watei oi acid on trj’^psin we have deter- 
mined the digesting power of the lattei under different conditions, using 
egg albumin, fibrin and casein foi the substratum in different 
expeiiments 

Tlie egg albumin used for our experiments was piepaied in this w'ay 
A ver} clear, light-coloied, dry hen’s egg albumin is brought into this 
country from China and maj be obtained from dealers It seems to be 
ii'^ed mainly by hakeis, as are othei similar pioducts Good samples of 
this product, which are not hard to secure, dissolve in distilled water to 
an opalescent liquid, fiee from lump} particles and free from odor 
When this solution is poured into a laige lolume of boiling distilled 
w ater slightl} acidified w itli acetic acid, a finely divided, perfectly white 
precipitate is seemed, as witli the solutions from fresh eggs, with this 
adiantage howeier, that the nitrogen content of the washed coagulum 
IS prett} constant With the vev} clean albumins which we have been 
able to secure for thi'? purpose, the nitrogen of the washed coagulum 
amounts to something o\ei 100 mg for each giam of the original dr} 
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egg With one lot it was practically 106 mg This weight is more nearly 
constant than may be obtained by rising the coagnlnm from ordinary 
storage eggs, and serves well for digestion comparisons We have found, 
however, that the results obtained from some other brands of dry egg 
albumin were not as satisfactory Much of the American or German 
“egg” albumin cannot be used at all, as it is not freely soluble 

When fibrin is used, it is prepared by thorough washing in water 
and disintegration in a meat-chopper set to cut very fine The chopped 
mass is soaked in glycerol until the larger part of the water is removed, 
which IS hastened by pressing out thoroughly and treating with fresh 
glyceiol h'lnally, the mass is piessed as dry as possible and preserved 
at a low temperature in bottles containing a small amount of toluene 
The product may be kept some weeks at a low temperature, and as it is 
comparatively dry and uniform it may be weighed directly for a senes 
of digestions Tor one of the last lots prepared m this way, and used 
for experiments to be quoted, the nitrogen content of 5 gm was found 
to be 162 9 mg , in the mean, corresponding to about 20 per cent pro- 
tein It has been noticed, however, that if left in a warm room autolytic 
digestion of the fibiin takes place rathei readily, making the product 
unfit for use 

Casein was employed in the form of a sodium caseinate We used 
a veiy pure casein made in the laboratory and dissolved it in weak sodium 
liydroxid solution, as will be explained below The behavior of water will 
be studied first 

A AOXION" OF WATER ON TRYPSIN AT DIFFERENT TEMPERATURES 

In puie aqueous solution trypsin becomes inactive much more quickly 
than pepsin, and markedly so at elevated temperatures In 50 per cent 
glyceiol, tiypsin may be kept through months As to the exact effect 
of elevated temperatures there is a great lack of uniformity in the views 
of those who have reported on the subject Trom our experience with 
a considerable number of trypsin preparations we have come to the con- 
clusion that the salts present are probably the most important factors in 
modifying the stability 

According to the older experiments of Heidenham,^® trypsin begins to 
lose its activity when warmed in aqueous solution to 35 C , but this is 
denied by Kiiline and others Biernaekff'’ states that it becomes 
inactive in slightly alkaline solution at 45 C Much of the discrepancy 
IS doubtless due to the fact that different observers have worked with 

IS Heidcnhain Jilaly’s Jahresber, 1875, v, 176, Arch f d ges Physiol 
(Pflugei's), 1875, X, 557 

19 Citation hy Oppenheiiner, Die Fermente, p 114 

20 Bieinacki Maly’s Jalireshcr, 1891, xxi, 248 
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prodiicts of very different degrees of purity, but another fact of equally 
great moment is this, that the various trj-psin preparations described in 
the literature seem to have been extremely weak products, their activi- 
ties having been measured by the solution of small amounts of fibrin or 
coagulated egg in digestions earned through many hours 

In some experiments made to test this behavior in aqueous solution 
we have obtained the following results, after using the "extract of pan- 
creas’ and the “trypsin” of Fairchild Brothers and Foster, and the 
glycerol extract of oui own production 

Experiment 14 — ^In Table 10 are given tbe digestion values obtained by incu- 
bating 100 mg of tbe pancreatin (extract of pancreas) through thirty minutes 
at 40 C , 50 C and 60 C , in 50 c c of pure water, after which treatment the 
liquids were brought to 40 C ami to each were added 100 mg of sodium carbon- 
ate and 3 gm of fibrin (nitrogen content 123 5 mg in mean) The mixtures 
vere incubated again through four hours at 40 C K]eldahl determinations 
were made on residue and filtrate 


TABLE 10 — ^Digestion Values Obtained with Pancreatin Previously Incu- 
bated, First uith Pure Water and Second with Sodium Carbonate 
and Fibrin (Experiment 14) 


Test No 

Prelim Digest , 

Temp C Fibi in, Gm 

Nitrogen, 

Soluble 

Milligiams — 
Residue 

Total 

1 

40 

3 

103 3 

19 3 

122 6 

2 

50 

3 

77 6 

46 5 

124 1 

3 

60 

3 

19 1 

106 0 

125 1 


It vill be seen that the effect of the pielimmary digestions at the 
higher tempeiatures is to weaken greatly the activity of the pancreatin 
In a similai experiment with a preliminary incubation of thirty 
minutes at 40 C , 25 mg of pepsm were added to the neutral solution, 
along vith the 100 mg of pancreatin At the end of the half hour the 
mixture was acidified by the addition of 100 mg of hydrochloric acid 
to the 50 c c Three gm of the same fibrin were added and a new incu- 
bation V as made at 40 C At the end of forty-five minutes the digestion 
seemed to be complete On filteimg and making Kjeldahl determinations 
ve found 


Soluble X 117 5 

Residue X 4 6 mg 

Total 122 1 mg 

Corrections weie alwa}s made foi the nitrogen of the ferments It 
IS eMdcnt that imder the conditions the panel eatin has not destroyed 
or appreciably veakened the pepsin activit}’’, as the fibrin digestion is 
here due to the latter ferment 
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Experiment 15 — In n* digestion test similar to 14 we used tlie trypsiUj 
E B E , instead of the pancreatm, 50 mg of trypsin being sub]ected to the pre- 
liminary incubation in 60 c c of water The fibrin used was not fiom the same 
lot as the other Final digestion, three hours (Table 11 ) 

TABLE 11 —Digestion Vaeues Obtained with Tetpsin Peeviousey Incu- 
bated, Eibst with Puee Water and Second with Sodium Carbonate 
AND Fibrin (Experiment 16) 


Test No 

Prelim 
lemp C 

Fibrin 

Gm 

1 ^Nitrogen, Milligiams- 

Soluble Residue 

Total 

la 

lb 

40 

40 

3 

3 

56 0 

57 9 

47 0 

104 9 

2a 

60 

3 

39 2 

65 9 

1051 

2b 

50 

3 

38 9 

661 

105 0 

3a 

60 

3 

14 0 

910 

105 0 

3b 

60 

3 

14 2 

910 

105 2 


It will be noted that in this experiment the time of final digestion is 
three hours m place of four, and that 60 mg of trypsin were used in place 
of 100 of pancreatm But it is evident that the trypsin has suffered 
relatively more than the other ferment at all temperatures This seems 
to be true of the stronger ferments in general As greater activity is 
secured, it is often at the expense of stability 

It has been said that glycerol solutions of trypsin are stable through 
long periods On diluting such extracts with water we have found that 
they do not long preserve then activity Even where sterilized water 
was used for the dilution, we found a marked decrease m action when 
the solutions stood over mght at room temperature The change may be 
in part due to the comparative absence of inorganic matters in such 
dilutions At a temperature of 40 G these pure aqueous solutions suf- 
fered greatly 

Pancreatm solutions (P. B and P as used above), however, when 
protected with toluene, were found to be fully active after standing 
forty-one hours at room temperature, as shown by fibrin digestion 
In another experiment the effect of longer heating was determined 

Experiment 16 — ^Fifty-mg portions of trypsin were incubated at 40 C in 
a volume of 50 c c of water through different periods, as shown below Then 
to each flask 100 mg of sodium carbonate were added and the incubation con- 
tinued through three hours at the same temperature with the addition of 3 gra 
of moist fibrin which had been kept in chlorofoim water Kjeldahl tests weie 
finally made to determine the amount of digestion (Table 12 ) 

TABLE 12 — ^Digestion Vaeues Obtained eeom Trypsin Inoubated, First 
WITH Water and Second with Sodium Carbonate and Fibrin 

(Experiment 16) 



Prelim Digest 

/ 

-Nitrogen, Milligrams — 


Test No 

Minutes 

Soluble 

Residue 

Total 

1 

30 

48 4 

49 0 

97 4 

2 

45 

50 4 



3 

60 

53 5 

42 6 

961 

4 

90 

42 6 



3 

120 

47 5 

50 4 

97 9 

6 

180 

42 8 

54 9 

97 7 



334 


TEE AEGEIYES OF lETEREAL MEDIGIEE 


It appears that at this temperature the effect of incubation is not 
much greater for a period of three hours than for half an hour Some 
figures from a latei experiment -will suggest^ however^ that the best 
results are obtained by immediate digestion 

In conversation with manufacturers of pancreatins, we have learned 
that the effects of temperature and solution are recognized It is often 
insisted that where tests are made on such preparations they should he 
carried out as quickly as possible after bringing the ferment into solu- 
tion In such investigations of comparative ferment value it is evident 
that a temperature of 40 C is the most satisfactory and should not be 
- exceeded 


The Effect of the Alkali 


As tivptic digestions are always carried out in an alkaline medium, 
it IS desirable to know the action of different amounts of alkali on the 
ferment A feu experiments only will be offered here, as we are con- 
cerned with the one alkalme substance only, sodium carbonate It is 
usually stated that trypsin is not weakened or destroyed by moderate 
amounts of sodium carbonate, up to about 0 6 per cent This depends, 
houevei, on the temperature, as the following tests show While eleva- 
tion tempeiature weakens the trypsin greatly, almost complete 
destruction follows if much alkali is present In the following expeii- 
ments portions of 100 mg of pancreatin in a volume of 50 c c were 
incubated with and without alkali through different times at tempera- 
tures of 40, 50 and 60 C They were then brought to the same alkalinity 
and incubated with 3 grams of fibrin through periods, as shown, at 40 C 


EvPFuiJtrNT 17 — Preliminary incubation with and without alkali, using 
pancreatin (F B and F ) and 3 gm of pressed fibrin (N content 123 5 mg) 


lABLE 13 — ^Digestiox Values Obtained with Pancbeatin Previously Incu- 
bated WITH AND Without Alkali (Experiment 17) 


Prelim 

Test No Alkali Mg 

2 lOff 

3 

4 100 

5 

C 100 


Prelim 
Inc One 
Hr at C 
40 
40 
40 1 
50 f 
40) 

50 ( 

40 1 
50 [ 
GOj 
40 1 
50 I 
CO J 


Alkali 

Added Final Inc 
Mg Hours 

100 C 

G 

100 G 

15 


100 15 


15 


Result 

Digestion completed 
Digestion completed 
Two thirds digested 

Slight digestion 


No digestion 


No digestion 


n - Os 1 and 2 (Table 13) the time and alkali effects are but slight, as the 
f igcs ion IS complete in six hours In No 3 the action of the higher temper- 
a lire is shown in the preliminary digestion and when alkali is present at the 
on sf t le ferment seems to lose all its actiMty, practically, as shomi in No 4 
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In Nos 6 and 6 the temperature alone seems to be sufficient to stop digestion 
lliese experiments Avere repeated a number of times with essentially the same 
results Even when a smaller amount of fibrin was used and the stronger tryp- 
sin it was found that the prolonged heating with alkali above the temperature 
of 40 C resulted in a marked weakening, or practical destruction of the ferment 

Finally, the effect of incubation with increasing amounts of car- 
bonate was determined The results show that the ferment is active in 
presence of a i datively large weight of this alkali 

Experiment 18 — Fifty-mg portions of trypsin were incubated during 
thirty minutes with increasing amounts of carbonate, as shown In three cases 
enough hydrochloric acid was then added to neutralize all but 100 mg of the 
carbonate, leaving all of the same alkalinity as the first test In the proper 
cases sodium chlorid was added to make all alike in this respect, and after the 
addition of fibrin the incubation was continued through two hours at 40 C 
Kjeldahl testa were made on the filtrate and residue of the digestion 

In two of the numbers 5 and 6 (Thble 14), there was no preliminary incu- 
bation with the carbonate This was added with the fibrin at the beginning of 
the actual digestion In the preliminary digestion the volume was 60 c c , and 
was made to 80 c c in the final digestion in Nos 1, 2, 3 and 4 In 6 and, 6 the 
volume was 50 c c 

TABLE 14 — ^Digestion Values Obtained v?ith Trypsin Previously Inch 
BATED with Various Amounts of Sodium Carbonate (Experiment 18) 


Test No 

Mg 

Mg 

holuble 

Residue 

Total 


Pielim Aik 

Final Aik 

t Nitrogen, Milligrams- 

'i 

1 

ICO 

100 

77 1 

22 7 

99 8 

2 

200 

100 

79 4 

22 1 

1016 

3 

300 

100 

84 6 

16 0 

100 6 

4 

500 

100 

85 7 

IGO 

101 7 

6 


100 

98 0 

45 

102 6 

6 


500 

98 0 

42 

102 2 


The fact is hi ought out pretty clearly that m the preliminary incuba- 
tion, the piesence of the carbonate is protective of the ferment It is also 
shown that where there is no preliminary incubation the final digestion 
IS much nearer complete Part of the apparent effect may, however, be 
due to the salt added, or formed in the other cases The important fact 
winch is shown is that the trypsin ferment exhibits the same activity m 
the piesence of 1 per cent of sodium carbonate that it exhibits with 0 2 
per cent In practice digestions may be carried out within these limits 
with like results, as long as the temperature is no higher than here 

B THE ACTION OE ACID ON TEYPSIN 
As oul object was mainly a practical one, to determine the possible 
part played by pepsin in aiding the acid destruction of trypsin, we have 
confined ourselves to a study of the behavior of hydrochloric acid To 
leain the effect of pepsin on trypsin it is, of course, necessary to fix first 
the action of the acid with which the pepsin works and for this purpose 
hydrochloric acid alone comes practically into consideration Trials 
haie been made with both egg albumin and fibrin, and we shall quote 
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first a few of the egg-digestion experiments to show an important point 
regardmg the behainor of this form of protein The sodium carbonate 
mentioned as alwa3's taken as anhydrous In aU eases a correction was 
made for tlie nitrogen of the ferment itself 

E\PEi>rMEM 19 — Fifty mg of F B and F trypsin plus coagulum from 1 gm 
of c"" (lOG mg nitrogen) plus 50 mg of sodium carbonate m volume of 50 cc 
Digc'sted ten hours at 40 C The undissolved egg was filteied off 

Soluble N = 25 5 mg 

Evpeeimevt 20 — Fifty mg of same trypsin plus 30 mg of hydrochloric acid 
made to 50 cc uith water and incubated one hour at 40 C Then 100 mg of 
sodium carbonate was added with the coagulum from 1 gm of egg and the 
digestion continued through ten hours at the same temperature 

Soluble N = 272 mg 

Extehiment 21 — Fifty mg of same trypsin, plus coagulum fiom 1 gm of 
egg, plus 200 mg of sodium carbonate made to volume of 50 c c and digested 
ten hours at 40 C 

Soluble N = 14 8 mg 

It IS apparent from these tests that egg albumin is but slowly digested 
by ti"} psin This fact has been occasionally referred to in the literature, 
hut it IS not cleaily recognized Some obseivers have actually recom- 
mended the use of uncoagulated egg white for such digestion tests to 
deteimine the value of trypsin, hut it is absolutely unsuitable for the 
purpose, as will he pointed out below The fibrin digestion is much 
more rapid, as a few experiments will indicate 

ExPEnrMEKT 22 — Fifty mg of same trypsin, plus 100 mg of sodium carbon 
ate, plus 3 gm of fibrin (97 7 mg of nitrogen) made to 50 cc, and digested at 
40 C The fibrin was all dissolved in thirty minutes 

ExPEBniENT 23 — Fifty mg of Gruebler’s trypsin, plus 100 mg of sodium car- 
bonate, plus 3 gm of the same fibrin, made to 50 c c volume and digested at 40 C 
Oier tvo hours required for complete solution 

The last experiments show the marked difference between the two 
kinds of tiypsin, which results were duplicated by many other observa- 
tions, but they show also the ease of fibrin digestion as compared with 
that of egg In one of the egg experiments a small amoimt of hydro- 
chloric acid was employed in a preliminary digestion with the trypsin 
This amount of acid did not appear to have any inhibiting effect as far 
as the subsequent digestion, after neutralization, was coneerned, using 
either egg or fibrin "With such strengths of acid in preliminary diges- 
tion the solution of the egg was alwaj's but partial, as was the case when 
no acid was used But the fibrin digestion could easily he brought to 
completion after such treatment It was found that a still greater degree 
of acidity m the preliminary incubation seemed to have hut a slight 
action on the tiypsin, when tested with fibrin, and this was shown quan- 
titativelj with the B B and B ferment in the following tests 
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Expeeiment 24 — senes of solutions was made contaimng in 50 c o 50 mg 
of the trypsin and increasing weights of the acid up to 100 mg These solutions 
i\ere incuhated thirty minutes at 40 G and then mixed with enough sodium cai- 
bonate to neutralize the acid and leave 100 mg of the caibonate present in each 
case Enough sodium eWorld was added to four of the mixtures to make the 
content the same as in the mixture with the greatest acid originally Finally 
5 gm of fibrin, containing 162 8 mg of nitrogen, was added to each mixture 
and all were incubated five hours at 40 C The rate of digestion appeared to be 
nearly uniform At the end of the period all of the solutions were filtered and 
Kjeldahl determinations made on filtiate and residue The results were as shown 
in Table 15 

TABLE 15 — ^Digestion Values Obtained with Teypsin Peeviously Incu- 
bated WITH Acid, Then Mixed with Sodium Cabbonate (Expeei- 

MENT 24) 


■Nitrogen, Milligrams- 


Test No 

HClMg 

Tiypsin Mg 

Soluble 

Residue 

Total 

1 

60 

50 

156 6 

78 

164 4 

2 

70 

50 

152 3 

115 

163 8 

3 

80 

50 

1510 

11 9 

162 9 

4 

90 

50 

1514 

13 4 

164 8 

5 

100 

50 

1514 

10 6 

162 0 


It will be seen that a preliminary digestion in a medium containing 
0 2 per cent of hydrochloric acid does not destroy or practically retard 
the activity of the trypsin The digestion, after neutralization, is as 
complete in the mixtures which contained the largest amount of acid as 
it is in the one with the smallest amount The weights of total nitrogen 
recoveied are not quite uniform This is doubtless due to the fact that 
absolute uniformity in the nitrogen content of the moist fibiin could not 
be seemed. 

Expeeiment 25 — ^The preceding experiment was repeated, using a new and 
much dryer preparation of fibrin Three-gram samples contained, in the mean, 
168 S mg of nitrogen In these tests the acid added in the preliminary incuba- 
tion was greater, as shoivn in Table 16 

TABLE 16 — Digestion Values Obtained as in Table 15, Except eoe Use oe 
A Deyee Fibein and Largee Amount of Acid (Experiment 25) 


•Niti ogen. Milligrams- 


Test No 

nciMg 

Tiypsin Mg 

Soluble 

^ O 

Residue 

Total 

1 

100* 

50 

18 2 

154 0 

172 2 

2 

120 

50 

129 3 

37 5 

166 8 

3 

140 

50 

139 4 

25 8 

165 2 

4 

160 

50 

130 7 

43 5 

174 2 


* -j- 25 pepsin 


In the first of these tests the preliminary incubation of thiity min- 
utes with pepsin, in addition to the acid present, resulted in a marked 
loweiing of the efficiency of the trypsin in the final fibrin digestion In 
the other cases the acid digestion alone, with amounts of acid reaching 
0 32 pel cent , shows a slight impairment only of the activity of the 
trypsin For our purpose it was not thought necessary to carry the 
acidit}'- beyond this last value, or to inciease the time of preliminary 
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incubation beyond thiid}' minutes We lia\e kept in mind the piactical 
beaiing of these questions on problems connected with actual conditions 
in the human body 

It IS eMdent from the preceding tests that trypsin, men when not 
protected b}’’ a great excess of protein, is able to withstand an acidity of 
over 0 3 per cent of hydroehlonc acid through thirty minutes at 40 C 
Someuhat similar lesults have recently been reported by otheis, to be 
ref ei red to, but the weights of piotein used in the final tests of the 
residual tijpsin activity have usually been so small as to leave the ques- 
tion really very much in doubt It will be recognized that in these 
experiments we are not dealing with the matter of the digestion by 
means of tr}'psin m acid solution It has been shown by many obseiveis 
that in presence of acid the activity of tiypsin is practically ml We 
aie '^imply concerned with the effect of acid on trypsin in absence of 
much protein 

In this connection it is in older to lefei to some similar experiments 
carried out with casein as the substratum Casein may be made in very 
puie drj' form and serves as an excellent standard substance We have 
used it in different ways and in this series of tests by the method of 
Fuld,-- according to which a weak sodium caseinate is prepared and 
treated with the ferment until it no longer gives a precipitate with dilute 
acetic acid Ordinarily the method has been worked with very small 
V eights of casein, usually 4 mg We found a larger weight preferable 
as a substratum, as it peimits the use of stronger feiment solutions One 
set of experiments may be quoted as illustrating the whole senes of 
tests 

ExrnuiiENT 20 — Our casein solution was made with the minimum amount 
of alkali required for the formation of the acid salt*^ As a trypsin we used in 
this senes the “Extract of Pancreas” of Fairchild Brothers and Fostei, already 
referred to Six test tubes were charged with amounts of the pancreatin, as 
shoi^n below, and to each was added 5 cc of 0 2 per cent hydrochloric acid All 
the tubes wore incubated one half hour at 40 C , then neutralued exactly To 
each tube G c c of 0 2 per cent casein solution was added and these, in turn, W'ere 
incubated one hour and then the tests for unaltered casein were made by adding 
to each tube three drops of the acetic acid reagent (1 part of acid, 50 parts of 
alcohol, 49 parts of water) Table 17 shows the relations It is seen that oven 
with the weakest pancreatin concentration, and after the half-hour incuhation 
with acid, the ca=cin is completely changed in the final digestion 


21 Sec, for example, Chittenden and Cummins Am Chem Jour , 1885, vii, 49 

22 \ crhandl d ter inn Med, 1907, Malj’s Jahresber , 1907, xxxvii, 440, 
1*^08, xxxMii, 375 

23 Long Some Imcstigations on Salts of Casein, Jour Am Cheni Soc , 
mOG, xxMii, 372 
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TABLE 17 

— ^Digestion Values 
Casein 

Obtained with Trypsin Tested Against 
(Experiment 26) 

Test No 

Pancreas Ext , Mg 

Casein, Mg 

Result 

1 

20 

12 

Complete digestion 

2 

1 3 

12 

Complete digestion 

3 

08 

12 

Complete digestion 

4 

05 

12 

Complete digestion 

5 

03 

12 

Complete digestion 

6 

00 

12 

No apparent change 

The results of this method fully confirm those previously obtained 
by the fibiin digestion 

C THE ACTION OF ACID AND PEPSIN ON TRYPSIN 


Having discussed the action of weak hydrochloric acid on trypsin, 
we now come to the practical question of the behavior of pepsin and acid 
working together As shown above, we are concerned with hydiochloiic 
acid only, as acids of lower ionization do not come into the question at 
all In fact, it is essentially with the hydrogen concentration from this 
acid that we have to deal, and our experiments have been so arranged as 
to secure the concentration indicated by the percentage weights used 
To this end we have used with the acid only small weights of strong 
ferments and no protecting protein to combine with the acid With the 
addition of the pepsin in the preliminary incubation the same plan will 
be followed 

At the outset it was intimated that the few investigations which have 
been carried out to shed light on this sub3ect have not furnished very 
concordant or satisfactoiy results Some of them have been roughly 
qualitative only, not quantitative Much of the trouble has been with 
the weak trypsin products employed in the tests, making it necessary 
to incubate through relatively long periods, and thus introduce the dis- 
turbing time and temperature factor The weak ferments, with high 
piotein content, combine themselves with so much acid that a further 
distuibing factor is introduced It is practically useless to employ the 
ordinaiy ^^pancreatins” of the market in such investigations, as then 
trypsin content is always low, and often nil 

Among the more recent investigations in this direction which mav 
be quoted, two will serve as illustrations 

Some extended observations have been published by Wioblewski, 
Beduarski and Wo^czynski^^ on the behavior of ferments toward each 
othei and toward acids and alkalies Some of their tests were carried 
out with raw egg white as substratum and others suffer from other errois 
of method or manipulation, so that many of the results are quite mean- 
ingless In some of their experiments the weights of ferment and egg 

24 WioWewski, Bednarski and Wojczynski Beitr z cliem Phjs n Patli 
1002, ], 28S 
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periods the digestion of the casein was found to be practically complete, 
suggesting a weakening, or partial destruction, rather than a complete 
destruction of the trypsin by the pepsin 

Following these tests a considerable number of others were made 
in a different way In some of these the eoagulum from the solution 
of diied egg albumin was used and in this manner 

Expekuiewt 29 Fifty mg of trypsin, 30 mg of liydrochloi ic acid, 50 mg 
of pepsin in boiled solution and the eoagulum from 1 gm of egg weie made to 
50 c c and incubated one hour at 40 C The mixture was then neutralized with 
100 mg of sodium carbonate and incubated through ten hours 

Soluble N, corrected for N of ferments = 36 4 mg 

Experiment 30 — Same as last with this exception the pepsin solution added 
was not boiled 

Corrected soluble N = 26 9 mg 

The acid content is here so low that little or no peptic digestion of 
the egg might be expected The digestion is probably wholly due to the 
tiypsin, winch seems to be weakened to some extent by the pepsin in the 
second experiment 


Expepement 31 — In a senes of flasks 50 mg of tiypsin, 25 mg of pepsin 
(both F B P ) and increasing amounts of hydrochloric acid weie made to a vol 
ume of 50 c c The flasks were incubated at a tempeiature of 40 C through thiity 
minutes and neutralized with enough sodium carbonate to leave an alkalinity of 
0 2 per cent of the carbonate Salt was added to four of the flasks to make the 
content the same as that in the one with the highest original amount of acid To 
each one 5 gm of fibrin was added (mean nitrogen content 160 1 mg ) and a 
further incubation of si\ hours was made The amounts of soluble nitiogen weie 
determined as in Table 18 


TABLE 18 — Digestion Values of Trypsin Previously Incubated with 
Pepsin and Hydrochloric Acid, Then JIeutralized (Experiment 31) 


Test No 

HCl, Mg 

Soluble N, M' 

1 

25 

9 25 

2 

SO 

17 57 

3 

35 

7 77 

4 

40 

3 33 

5 

50 

6 79 


Conti ols without the pepsin showed complete digestion of the fibiin 
There appears to be here a marked destruction of the trypsin In 
another set a new fibrin was used with mean nitrogen content for 5 
gm = 167 4 mg This was incubated with the pepsin and tiypsin in 
some cases, and in others was added after the pieliminary incubation, 
as shown below 


Expebixient 32— In a number of flasks different weights of trypsin and pepsin 
(as above) and acid were made up to 50 cc and meubated thirty 
40 C In 1 to 6 (Table 19) the fibrin, 5 gm , was added before the incubation, 
and in 7, 8 and 9 after the incubation and neutralization In all cases enoug i 
sodium carbonate was added to make the final alkalinity equal 0 2 per cent 11 
period of incubation after adding the alkali was four and one half hours 
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TABLE 19 —Digestion Vaetjes or Trypsin Incubated and Xeutraeized 
Betoee and SoiiE After Addition of Fibrin 



Trypsin 

Pepsin 

HCl 

Fibrin 

Nitrogen, Milligrams 

No Test 

Mg 

Mg 

Mg 

Gm 

Soluble 

Residue 

1 

100 

25* 

35 

5 

159 6 

76 

2 

100 


35 

5 

157 9 

8 1 

3 

100 

25 

35 

5 

159 9 

63 

4 

100* 

25 

35 

5 

88 4 

74 8 

5 


25 

35 

5 

105 7 

60 3 

6 




5 


167 4 

7 

50 


40 

5 

lost 

52 

8 

50 


50 

5 

157 8 

10 3 

9 

100 

25 

35 

5 

42 9 

122 6 


’"The ferment Bas added in a boiled solution 

Eos 1 and 2 of Table 19 show the digestive action of trypsin alone, as in 
one case no pepsin is present and in the other killed pepsin We have a nearly 
complete solution of the fibrin No 3 shows practically the same result, and 
apparently no destruction of trypsin because this is protected by the fibrin pies- 
ent There is also some digestion by the pepsin in acid solution, which obscures 
the effect of the trypsin to some extent This is a mixed digestion In No 4 
ne have the effect of the pepsin and acid alone, as the accompanying trypsin was 
boiled No 5 shows a somewhat similar condition, indicating that the pepsin 
alone can digest but a part, less than two-thirds of the fibrin No 6 shows the 
nitiogen content of the fibrin In Nos 7 and 8 we have this difference in con- 
dition, that the fibrin was added after the preliminaiy acid diggestion, with no 
pepsin present The trypsin remained active enough to digest the fibrin finally 
In No 9 tiypsm and pepsin are digested together without protecting fibrin When 
the latter is added later the trypsin seems to be now too weak to digest much of 
it This coincides with some of the earlier tests in indicating, under these con- 
ditions, a partial destruction of trj’psm by pepsin 

A much more complete destruction of trypsin is shown if the diges- 
tion m presence of acid is continued beyond an hour As long as the 
temperature of digestion does not go above about 40 C , the effect of 
incubation in water alone is not noticeable for several hours, with most 
tiypsins, but there seems to be some difference in products from different 
souices in this respect, due possibly to salt content In weak acid, up to 
0 3 per cent hydrochloric acid, the destruction of the trypsin is not 
lapid 

A large number of experiments have been made to show the effect 
of acid and pepsm when the prelimmaiy incubation is prolonged In 
these tests the coagulum from 1 gm of dry egg, prepared as explained 
above, was emplo5^ed to measure the action The mean nitrogen content 
of a gram was 106 mg A few of the results from such experiments are 
sufficient to quote, as those from the use of larger amoimts of acid or 
fiom longer incubation show, of course, the same destructive action 

Experiment 33 — In a number of flasks bydrochlonc acid, pepsin and trypsin, 
in amounts sbown below, were made up to a volume of 50 c c and incubated 
tlirougli tw o hours at 40 C In some of the tests the trypsin v as added in boiled 
solution Then sodium carbonate was added to neutralize the acid and leave 
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0 2 per cent, more trypsin added, boiled or unboiled, and the coagulum from 

1 gm of egg A new incubation was carried out through four hours, when the 
amount of soluble nitrogen uas determined A correction was made for the 
nitrogen of the ferments added This is assumed to be all soluble 

TABLE 20 ^DiorsTioN' Values of Tetpsin Aftee Pbolonged Inoubation muth 


AND Acid 


No Test 

Pepsin 

Trypsin 

HCl 

Mg 

Mg 

Mg 

la 

25 

100 

20 

lb 

25 

100 

20 

Ic 

25 

100* 

20 

Id 

25 

100* 

20 

2a 

25 

200 

20 

2b 

25 

200 

20 

2c 

25 

200* 

20 

2d 

25 

200* 

20 

3a 

25 

100 

60 

3b 

25 

100 

60 

3c 

25 

100* 

50 

3d 

25 

100* 

50 

* Trypsin 
t Lost 

in boiled 

solution 



The trypsin used in the evpeiiments 
uct than that used in the othei cases 


{Experiment 33) 


Trypsin 

After 

Incubation 

Nitrogen, 

Milligrams 

Mg 

Soluble, 

Eesidue 

100* 


108 4 

100* 


106 7 

100 

95 4 

16 2 

100 

90 4 

18 5 

200* 


108 6 

200* 


108 9 

200 

62 0 

44 1 

200 

t 


100* 


103 9 

100* 


109 5 

100 

71 1 

28 3 

100 

68 9 

301 


2a to 2d was a much weaker prod 


These experiments show that the trypsin freshly added digests the 
egg very well, but after contact with acid and pepsin through two hours 
it IS inert We have found that some samples of tiypsin or pancreatm 
heated with the acid of the strengths here used become inert, even when 
no pepsin is used But the process of manufacture leaves some of these 
products with a larger amount of inorganic salts present Three well- 
known brands of pancreatm of American manufacture show 6 7, 7 6 and 
14 8 per cent of ash, respectively These facts must be kept in mind 
when comparisons of such products are made 

It IS evident from the sum of the experiments quoted that, tn viii o, 
the destructive action of acid on tiypsm is much accelerated by the pres- 
ence of pepsin This action is modified to some extent by excess of pro- 
tein present, and it is this fact which makes a definite statement as to 
what happens in the body somewhat difficult An accumulation of acid 
beyond that necessary to combine with piotein to form acid albumin 
would undoubtedly interfeie with the activity of trypsin present at the 
same time There appears to be no recovery of tr 3 ''psin after neutraliza- 
tion of the inhibiting acid In the actual conditions in the stomach 
the acid ordinarily accumulates beyond the protein-saturating point and 
would then be able to work on trypsin mgested These experiments 
appear to uphold the view held by many physiologists that under prac- 
tical conditions pepsm is antagonistic to the tryptic ferment 
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Id. the course of our studies of these ferments we have had occasion 
to examine most of the pancieatins of Ameiican manufacture There 
are numerous brands on the market, but many of them come from the 
same source It has been found that while some of these have a fair 
amylolytic action, their tryptic power is usually low Some are, indeed, 
quite inert This must follow from the careless process of manufacture 
often followed, which may consist in the rapid drying of the pancreas 
gland, the removal of most of the fat by extraction with some convenient 
solvent and final grinding to powder The temperature of drying 
undoubtedly is high enough to destroy the sensitive ferments. The low 
wholesale price at which some of these powdeis are sold would point to a 
very hasty process of manufacture The tests prescribed by the Phar- 
macopeia for pancreatin do not encourage a higher strength than that 
usually found The standard is low enough to suit the indifferent manu- 
facturer In this respect there is a curious contiast between the treat- 
ment of pepsin and pancreatin which certainly calls for correction. 

These criticisms hold for the edition of the Pharmacopeia now in use, 
and they seem to hold foi the revision of the work soon to appear The 
conversion of 25 parts of starch, made into paste, to the colorless end- 
point by 1 part of ferment, in five minutes, is a requirement too low to 
have much practical value It is not a fair standard, since theie are a 
number of commercial pancreas products known which have a far greater 
degree of activity The Pharmacopeia desciibes pancreatin as containing 
the other ferments of the pancreas, as well as the amylopsm Wliy is no 
proteolytic standard adopted ^ The market grades will remain weak as 
long as the Pharmacopeia is silent on this point Possibly all concerned 
recognize the seeming futility in making a product the strength of which 
IS almost certain to be impaired, and perhaps destroyed, in passing 
through the stomach 

This point should be kept cleaily in mind by physicians that the 
pancreatins of the market are mostly weak, and further, that if they 
were strong there is no ceitainty that they would be of much more use 
in actual practice, as commonly administered The question may well 
be asked Except for the purpose of curdling and partly predigesting 
milk, why should pancreatins be used at all ? As digestive agents then 
usefulness is certainly of a very low order, and it is likely that there 
would be no piactical loss in dropping pancreatin entirely from the 
Pharmacopeia 

As illustiatmg the actual strength of the best known brands in tins 
countiy, the following table is given The samples tested were collected 
fresh from the manufacturers m January, 1913, and examined at once as 
to their behavior with starch and fibrm A year later, January, 1914, 
they were te'^ted again It has been repeated!}^ pointed out that the 
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piesonce of ccitain inorganic substances is essential for the development 
of the maximum actnity of the amylopsin In many cases the piocess of 
manufactuie leaves enough of this in the finished product usually 
chlorid and phosphate, but occasionally this is not the fact and moie 
salt should be added by the analyst The Pharmacopeia fails m this 
\eiy iinpoitant piovision, and the failure may sometimes lead to an 
impropei rating of a pioduct examined 

The starch-digesting powei of the panel eatins iviU be given first, the 
difCereiit products being designated by number rather than by name 
The numerical values given show the numbei of minutes required to 
coniert 500 paits of staieli to the colorless end-point by 20 paits of the 
ferment, that is, the low standaid of the Pharmacopeia is taken for 
compaiison The amount of salt added was sufficient to insure a concen- 
tration of 0 1 per cent 

lABLE 21 — Starch Diglsting Power or Pakckeativ 



r-Tcsts Made 

m 1913-^ 

r— Tests Made in 

1914-> 


No Salt 

Salt 

No Salt 

Salt 

Niunlicr 

Added 

Added 

Added 

Added 

1 

3 

3 


3 

2 

lo 

6 

105 

27 

3 

5 

4 

15 

10 

4 

GO 

16 


10 

0 

5 

4 


14 

G 

4 

4 


5 

7 

10 

4 


SO 

S 

10 

4 


25 

9 

5 

4 


7 

10 

5 

4 


4 

11 

7 




12 

10 

4 



13 

Inert 

15 

4 




7 Lo\\ in amj lopsin 


It Will be seen that, wdien perfectly fresh, all of these samples, 
except one, satisfy the lequirement of the Pharmacopeia, as long as suffi- 
cient salt IS piescnt In absence of added salt half of the samples are 
found to be veak by this veiy lenient test One year later over half of 
the samples aie found to be weak, even with the salt, and some had 
become practically ineit Three samples retained their former value, 
and these ueie characterized bj a high ongmal content of inorganic 
matteis This is eiidenth a factoi in the keeping quality as well as m 
the residual actnitj It maj be recalled that there are pancreas prod- 
ducts on tlie maiket which are not sold under the name of pancreatin 
and vliich haie four times the starch-con vei ting power here shown It 



J H LONG—G W MVHLEMAN 


347 


IS therefore evident that m actual digesting value and in keeping quali- 
ties some of these products aie far from satisfactory 

We find a somewhat similai situation when we come to the considera- 
tion of the proteolytic power, as measured by the action on moist fibrin 
In each test, in the first examination, 25 mg of ferment, 2 gm of 
fibrin and 50 cc of 0 2 per cent sodium carbonate solution were incu- 
bated at 40 C until the digestion was practically complete, as shown by 
the disappearance of all but stray flakes of the fibrin In the tests made 
in 1914, 100 mg of the ferment were taken in each case because the 
products had become weaker 


TABLE 22 — Pkoteoltiic Powee of Panckeatius 


1913 Tests 

t 

1914 

Tests 


Digestion 

Change in One 

Change in Three 

Primary 

Secondary 

Time 

Hour 

Hours 

Aibumose 

Aibumose 

80 minutes 

Very slight 

Slight 

Slight 

Trace 

Apparently 

Veiy slight 

Veiy slight 

None 

None 

no change 

120 minutes 

Very slight 

Very slight 

Trace 

Trace 

720 minutes 

Veiy slight 

Very slight 

Trace 

None 

100 minutes 

Very slight 

Very slight 

Trace 

None 

40 minutes 

Slight 

Marked 

Some 

None 

100 minutes 

Slight 

Marked 

Some 

Trace 

Very little 

Very slight 

Very slight 

Trace 

None 

change 

40 minutes 

Slight 

Slight 

Trace 

Trace 

12 minutes 

Hearly all 

All gone 

Large 

Large 

8 minutes 

All gone 

All gone 

Large 

Large 

70 minutes 

105 minutes 


The terms primary and secondary aibumose are here used in the old 
sense, the first denoting the precipitation by half saturation with ammo- 
nium sulphate, while the notation under secondary aibumose indicates 
the result by completely saturating the filtrate from the primary aibumose 
with the sulphate The results are mostly trifling in amount 

In examples 10 and 11, Table 22, we see what may be expected fiom 
a really active tiyptic preparation but in most of the other cases the 
amounts of fibrin digested by the yeai-old specimens are very low, and 
probably so low as to merit no consideration Even when fresh, most 
of the panel eatins are slow in their tiyptic action and two are inert 
The manufacturers of pancreatin have not yet learned the secret of 
making a pioduct with a reasonable degree of tr 5 q)tic activity, if this is 
^m()eed consideied woith while in view of the probable partial destruction 
\lho stomach 



348 


THE ARCHIVES OF JRTERHAL MEDICINE 


It IS evident that samples of pancreatin which have stpod on diug-^ 
store shelves a 3^ear oi more aie liable to he very loir in tiyptic as well 
as in starch-digesting power The question naturally piesents itself, 
"What, then^ is the practical value of these prepaiations’ Certainlj’-, 
panel eatin, as now made, leaves much to he desiied It has yet to earn 
a place in the categorj’^ of lemedies which are actually useful 
Xortlnvestern University Medical School 
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SYSTEMIC BLASTOMYCOSIS 

A REPORT OF ITS PATHOLOGICAL^ BACTERIOLOGICAL AND CLINICAL 

FEATURES ‘ 

A M STOBER, MD 

CHICAGO 

The object of this lepoit is so to lelate the obseivatioiis made in 
connection with a numhei of cases of systemic blastomycosis that a bettei 
nndei standing may obtain of the disease not only in this locality, wheie 
clinicians are alieady quite familial with it, but also m places wheie it 
has been eneoimteied but laiel}'’ oi not at all 

Two siimmaiies of the liteiatuie have alieady been made, that by 
Hcktoen’- dealing nitli thirteen cases, and the one by Montgomeiy and 
Oimsby- with twenty- two 

The second of these leviews contains biief accounts of the illnesses 
of foul patients in this senes and the post-moitem examinations on the 
bodies of two of them The otliei two patients have since died and we aie 
able to add the moie detailed clinical records and the final lesults of the 
studies of material fiom two additional post-moitem examinations 

^ Undei the title “Medical and Suigical Repoits of the Cook County Hospital 
foi the Six Months Ending July 1, 1890,” the fiist lepoit containing scientific 
ai tides fioin this institution was published, it was edited by Louis J Mitchell, 
MD A second leport also edited by Di Mitchell with a similai title coveied 
the succeeuing six months The thud scientific lepoit was entitled “Cook 
County Hospital Repoits, 1906” It was compiled and edited by a committee of 
the attending staff and contained mateiial which foi the most pait had been 
published elsewheie The fouith and last lepoit of this chaiactei was published 
111 1910 Like the thud it boie the title “Cook County Hospital Reports” It 
Mas edited by a committee ivith Di E R LeCount as chairman None of the 
ai tides in it had oi have since been published elscMdieie Fifteen hundred copies 
of this lepoit neie punted bound in black cloth Only tliiee are at present knoivn 
to be in existence The lemaindei disappeared about the time there was a change 
in the boaid of commissioneis of Cook County as "well as a consideiable change 
in the political composition of this boaid What became of these repoits is not 
definitely known Aceoiding to luniois they M'eie burned b 3 ^ mistake It has 
been thought best to lepioduce the aiticles on blastomj’^eosis Mhich occupj’^ 160 
of the 196 pages in the oiiginal aolume, since the obsei rations they contain regaid- 
ing this lelatnelv laie disease Mould otheiuise be lost oi escape notice entnely 

1 Hcktoen, Liiduig Sistenuc Blastonu cosis and Coccidioidal Gianuloma, 
Join Am Med Assn 1907, xlix 1071 Chians Festschiift 

2 Montgomen F H, and Oinisby, 0 S Systemic Blastonij^cosis, The 
AncHUES IxT Med, 1908, ii 1 
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Oil account of the in\oheineut of the bones, Di E W Eyeison® has 
consideied the clinical and pathological lelations of such changes to 
disease': foi which it might he mistaken and utilized the obseivations 
made in connection w’lth two eases of this senes To these five cases 
wliicli liaie been but paitially lepoited, theie aie added the hitheito 
unpublished obseiiations on six additional eases, making the total niim- 
bei lepoited twentj-nine I know' of seien othei instances of systemic 
blastoni) cosis, some of which will undoubtedly be published in the near 
fiitiiie, SIX of these coneein patients in Chicago oi the immediately 
siiiioiinding countiy Of the tw'ent 3 '-nine eases lepoited, fourteen have 
conceincd patients in Cook County Hospital, and of these eleven have 
occuiied 111 the last two yeais The total, tliirty-six, lepiesents an 
inciease of oiei 200 per cent duiing the last tw'o yeais, and this with- 
out doubt IS due to the gieat familial ity of physicians, especially the bet- 
tei clinicians, wnth the manifestations of the disease 

Theie aie good leasons, as othei s have pointed out, foi believing that 
the disease is fieqiiently mistaken foi tuberculosis, and 3 udgmg fiom a 
numbei of the clinical histones in this senes, it is evident that such 
eriois aie still likelj to occur even heie wdieie the condition is perhaps 
best know'll 

The disease seems to be one of eaily life, as two-thiids of the patients 
liaie been undei the age of 34, the youngest 17, the oldest 1/8 years of 
age, all but two oceiined in men The occupation in nearly eveiy 
instance was one involving haid manual labor and considerable exposure 
Ileicdit} seems to hare no influence, and no definite instance of contagion 
has been established tYheii this seems to have occurred, the exposure of 
all aflected to a common case must be lemeinbered The majorit}' of 
the patients hare been foieigneis, especially Poles and Italians, but no 
special natnitv piedilection has been noticed Nearly all w'ere pool and 
Ined in unhygienic eiiMionment In 3 iiry seems to have been a predis- 
posing factoi in seieial instances, eithei by affording oppoitunity foi 
diiect inoculation (see Cases 3 and 12 in the accompanying bibliography) 
01 pioclucing a legion of loweied lesistance for the deielopment of the 
infection alreacE existent (Cases 8 and 23) 

The cause of this disease is noiv geneially lecognized to be a mold 
which, because of the budding form of the oiganism in the tissues, lias 
been called blastom^ces 

1 lie leasons foi consideiing the blastoimces as the cause of blastomy- 
cosis aie bneflx, its pie«enee m all the new oi lecent lesions, the readi- 
ness with which it IS obtained fiom such lesions in puie culture, and the 
expel imeiits on aiiiiiials ^\hich demoiistiate its pathogenicit} The oi gan- 
isni has been recoieied fiom the blood and is piesent in the pus of 

3 Excrson, D W Am Jour Ortliop Surg, 1908, xi. Iso 1 
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unopened and discliaigjng abscesses, quite legulaily piesent in the 
sputum and sometimes demonstrated in the mine or feces 

Jfumeious desciiptions of the oiganism, its cultuial peculiai ities and 
vaiiations in inoiphology have been published ^ 

Some confusion still exists legaiding the classification of blastomy- 
cetes and especially in regaid to the significance of vaiiations obseiied 
dining the cultivation of diffeieiit stiains Differences vreie fiist noticed 
m the study of oiganisms obtained fioni the cutaneous lesions of blasto- 
mycotic deimatitis, and Eicketts, iii compaiing the chaiacteiistics of 
sei^enteen oiganisms, six undei his peisoiial obseivation, found vaiia- 
tions 111 then maiinei of growth sufficiently constant and distinct to allow 
of a classification into three moiphologieal types, namely, blastomycetoid, 
oidnnn-like and hyphoniycetoid 

The identity of the oiganism causing these cutaneous lesions and 
those found m the systemic infections was at fiist questioned, but as cases 
of the latter became moie uumeious, then identity was geneially recog- 
nized It was then ascei tamed that the vaiiations weie not sufficiently 
constant to allow of a sepaiation into distinct types Hambuigei ^ in a 
leceiit compaiative study of foui stianis of blastomycetes obtained fiom 
patients with systemic infection, found one which diffeied somewhat 
fiom the otliei thiee, but not sufficiently to prevent the conclusion that the 
oiganisms weie identical Still more lecently Moutgomeiy and Ormsby 
haie asseited that all the moiphologieal types hitlieito desciibed have 
been obseived at diffeieiit times in the same strain Many of the studies 
dealing with ihese matteis have extended ovei latliei limited peiiods of 
time and imluded compaiatively few stiains We have studied altogether 
eleven stiains eight fiom the ca'^es heie repoited (Cases 19 to 26) and 
tluee otheis, to the souice of wdiich refeience will be made The obseiva- 
tions extended ovei a peiiod varying in the individual stiains fiom two 
to tweiitv months In all instances the oiganisms weie obtained in pure 
cultuie fiom the pus aspiiated fiom abscesses, and similai organisms 
weie also obtained m cultures fiom the sputum in most cases They weie 
also obtained fiom the blood of one patient (Case 39) and from the eye, 
peiieaidiiim and pleuia in anothei (Case 20) A numbei of diffeient 
cultuies as to souice weie theiefoie obtained fiom each patient, and as 
they po's'Jessed no diffeiences (except in Case 19) onlj'- one oi two from 
each patient weie used in the compaiative study “ 

4 Ricketts, H T Jour Med Reseaicli, 1901, vi, No 3, Montgomery, F H 
A Biief Siimmnn of the Clinical, Pathologic and Bacteiiologic Features of 
Cutaneous Blastomycosis (Blastoniycetic Deimatitis of Gilchiist), Joui Am 
Med Assn, 1002, \\\mii 1487, Famlmigei, W M, Jour Infect Dis , 1907, 
n, 201 

5 The oigani'Jins Mill he designated according to the case fiom Mhich they 
ircie obtained 
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As Ilia'S be piesunied, the morphological and cultuial details of these 
diffeient stiaiiis ot oiganisins piesented maiked similarities, and in order 
to picient repetition of details one general description 'svill be given ■with 
the laiiations noted 

The organisms in the tissue'; discharges and pns corresponded 'with 
those described in previous reports They appeared in pans or clumps 
as round oi o-sal bodies, and budding -vs'as a common feature (Fig 1) ® 
The size usually varied, those about 20 microns in diameter being the 
most frequent, although laigei forms (from 25 to 30 niicions) -were 
not uncommon, and inniimei able smaller forms (from 3 to 5 microns) 



Fig 1 — Specinions of pus cont‘\ining blistonij cetes mounted in a solution of 
potassium IndroMcl Note the lound and budding foims, tlie lefiactile capsule 
and the lacuoles and granules in tiie center (Courtesy of Di OS Oimsby ) 


veio sometimes found Or dinar ilj;^ the outei icfiactile capsule and clear 
cenlial portions could be recognized The capsule uas homogeneous and 
doiib^o-contouied and railed in thickness, being thinner in the smaller 
and lounger forms It uas ocea'^ionallj absent, especially in the organ- 

0 Tlie illustrations presented in this and the following articles on blastomv- 
co=is were (evcept where noted) prepared bj me and formed the basis of a 
research exhibit pre'=ented at the lOOS session of the Ameiican INIedical Associa- 
tion riie roentgenograms were prepared bv Dr H D Potter roentgeiiographer 
to the Cook Countx Hospital and are included in an article on “Kadiographic 
Appearances of Pulmonarx and Osseous Blastomxcosis ” published in the Amen 
can Qinrtcrlv of Ttoentgenologv ^fax 1010 
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i=ins of old foci In sections of a bone-abscess a thick oi adventitions ^ 
capsule desciibed by otliei iviiteis was found The capsule laiely stained 
by the oidinaiy methods The central poition in tlie fiesh condition was 
usually deal, and stained inoie or less granulai, taking basic stains and 
coloiing light blue with hematoxylin, and led oi violet with polj^chiome 
meth}lene-blue Occasionally the cential poition stained intensely, and 
when the capsule was absent oi indistinct, such oiganisms lesembled 
‘small lympdiocytes In othei oiganisms it lemained unstained oi pie- 
sented the same coloi as the suiiounding tissue In the fixed and stained 
as well as the unstained oiganisms, one oi moie vacuoles may be present, 
but the most common feature in the foiinei was the piesence of small 
spheiical basophilic gianules, usuall}'’ fiom thiee to ten in numbei 
Although quite legulaily arranged, then distiibution in the cell cannot 
be said to be chaiacteristie They weie often found in the budding foims 
and in some instances appeared to be contained entiiely in the bud The 
association of these gianules with spoie-foimation has been suggested by 
a numbei of wiiteis on this sub 3 ect Accoiding to most obseiveis pio- 
lifeiation in tissue occuis by budding Hyphae have not been found in 
the tissues, and sporulation has been suggested in but one instance (Case 
8), the extiemely small size of the oiganisms and oceiuience in clusteis 
being the ehief reason given In old cultuies a vaeuolization occuis which 
stiongly lesembles spoiulation ^ 

The blastomj^eetes glow readily on oidinaiy mediums ISTo difficulty 
Mas expeiienced in obtaining giovdlis on steiile moist bread, papei, card- 
boaid, cotton, sav’-dust, fiuit and vegetables Isolation fiom other oigan- 
isins can usually be accomplished by making a thin stroke on a diy agai 
suiface, the tendency of the blastomyeetes to extend ovei the suiface 

7 In oul studies, a piocess tliought to be eiidospoiulation was obseived in 
one instance In an agai -slant cultuie of a stiain obtained from Case 19, six- 
teen nioiitlis old it the time, a contamination occuiied and the suiface became 
coNcied AMth a slimy sapiophytic giowth Examination of a smeai before dis- 
c 11 ding disclosed the piesence of a laige numbei of lound foims of blastomyeetes 
^cattcied among the bacteiia, nhicli belong to the Bactllvs suitths gioup (Fig 2) 
Budding and hyphal forms weie absent Bodies consideied to be spores appealed 
in the oiganism as lound clcai objects -nliich vaiied maikedly in size and dis 
tiibution (Fig 3) Sometimes onlj" one oi two neie piesent in a cell, but they 
usualh occuiied in laige numbei s, iiiegulai in size In some cases a faiily 
legulai distiibution nas noted Ihe laigei foims sometimes extiuded from the 
cell and in othei instances the cell outline was lost in a zooglea like mass of 
tlustei of the smallei foims, siniilai to those obseived in tissues That these 
ippeaiances ueie due to a lepioductive lathei than an involution piocess nas 
assumed because of the innumeiable small louiid foims present, the similaiity, 
c%cn to the lefiactile capsule, of the aoungei foims nithin the parent cell to 
those hing fiee in the neighboihood, and the absence of any other foim of repro- 
duction Ihe same piocess also i\as obser^ed to a less extent in a subcultuie 
fiom the tube desciibed aboie It nas impossible to isolate oi obtain growths 
of the blastonii cotic oiganisms in subsequent cultuies, on mg probably to the 
innumeiable bacteiia nhich neie present 
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making it possible to obtain pine subcultures In a few instances tins 
uds accomplished bj^ spieading the suspected pus, diluted with bouillon, 
01 ei a large area of steriliised bread ’ 

A piolifeiation by budding, such as occuiied in the body, is at fiist 
obseived on mediums, but soonei oi later the production of hj'^phae and 
myceliums chaiacteiistic of the mold giowths occurs Budding is faYoied 
bi moistine and theimostat tempeiatuie, the otliei methods of giouth bv 



Fig 2 — A piepaiation made from a blastomycetic cultuie winch had become 
contaminated -with B suitihs The innumerable small round forms suggest 
endosporulation 


room tempeiatuie, diyness of the mediums and tiansplantation The 
time requiied foi the appeaiance of the hyphal foim t'aiies somewhat 
In a feu instances hyphae were noted in the first cultures made fiom tlic 
pus and kept at looni temperatuie, m otliers the budding persisted foi 
some time 

The gio'=s appearances of the ciiltiiies depend largely as might be 
exiiected on the method of multiplication, and man"^ of the laiiations 
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lepoited aie imdoiibterlly due to the degiee of transition fiom budding to 
othei forms of giouth present at the time of obseivation As mycelial 
giouth becomes more marked the budding forms aie less numerous and 
often difficult to demonstrate, but even after months of growth of the 
mycelial type on agai, a few budding forms may be found m the deeper 
parts of the cultures 

Ihe pure budding form (blastomycetoid type) may occur piimaiily 
in cultures from pus oi may appear later under certain conditions as a 



Fig 3 — Eiidosporulation’ Highei magnification 'ihe innumerable small 

lonnd forms aie moie plainly seen 


lereision from the mjcclial foim The colonies on agar were at first 
small and lound and presented a pasty appearance They varied in color 
fiom ulnte to light vellow and were easily detached and broken up Later 
as hjphae began to form, they as'^umed a na\y oi poi celain-like appeal - 
ance, became tough and adherent and subsequently formed a surface 
membrane winch in some tubes became nodular oi rugose (Tubes a and h. 
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Fig 4 — Cultures of bHstonij'cetes, 'Ij pe 1 \.o,b) nodular and rugose appear- 

ance of colonies on glucose agar, (c) mixed foims — beginning foimation of 
aeiial liypliae causing uliite Huffy appeal ances, (d) characteristic uliite fluffy 
giowth of the nijcelium uith aeiial lijphae 
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Tijr 5 — Cultuios of blistonncetes Tjpe 1, sho^\ing noduHi, lugose and 
’‘bnndle of onus’ appeannce 
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Pig 4), or assumed the ‘‘bundle of woiras” appeaiance (Pig 5) Siib- 
'^equent euKuies usually piesented the ehaiacteiistic mycelial giowth 
(Tubes C, D, Pig 4) It is of interest to note that such lugose oi 
wiinkled suiface memhiane giowths iveie moie common duiing the fall 
and wmtei Indeed some of the stiains which at room tempeiatuie din- 
ing the summer giew abundant aeiial h 5 qihae, dining the months of Octo- 
bei and iSlorembei giew these suiface membianes which consisted piin- 
eipally of budding oi shoit hyplial forms 

Single colonies of the mycelial type appealed as fine branching 
hyphae, ladiating fiom a faint 3 '^elloii ish-white centei The h 3 'phae 
gieii into the mediums and also on and beneath the suiface^ incieasmg 
in niimbei and extent until a memhiane i\as pioduced Viewed diiectly, 
such colonies appeal as a moist fine, meshed oi felted netwoik of blanch- 
ing hyphae, having a slights laised eeiitei Viewed by tiansmitted light 
the extent and mannei of the giowth of the lefiaetile mycelium can easily 
be seen (Fig 6) Aftei longei giowth the membiane may covei the 
suiface and become veiy thick and adheient, the agai beneath often 
showing a bioiinisli discoloiation In some cultiiies the hyphae may not 
become aeiial, and piolifeiation oeeuis by the segmentation of the 
mycelium into spoies This coiiesponds to the oidium-like t 3 'pe of 
Pickett’s classification Latei in the giowth, howevei, oi in the subse- 
quent subcultiiies, the Inpliae in the centei of the sepaiate colonies oi on 
the suiface of the diffuse giowths become disengaged oi raised fiom the 
surface and may beai lateral and teiminal fiuit-buds This formation of 
aeiial h 3 '^phae, giving the cultuies the iihite, fluff}', inold-like appeaiance, 
occuired soonei oi latei in all the stiains, and was foi a tune regaided as 
the final typical stage in the life of the oiganism (Tube D, Fig 4) The 
aerial li 3 '’pliae, at fiist slioit and thinly scattered ovei the surface, often 
become liixiiiiant, gioiiing up the sides of the glass and sometimes filling 
the test-tube In some cases aeiial giowth occiiried in the fiist cultuie 
made fiom the pus This foim coiiesponds to the aeiial oi hyphom 3 'ce- 
toid type in Pickett’s classification It will therefoie be obseiied that the 
vaiious foims desciibed above, on which the classification of distinct 
moijihological t 3 'pes ivas based, lepiesent different stages in the life lus- 
toiy of the oiganism A giadual transition from the budding foim 
(blastomyeetoid) to the submerged and suiface ni 3 'celial (oidium-like) 
giowth, the hyphae of iihicli later became aeiial (liyphoni 3 'cetoicl), can 
be seen in ani' one stiain, if obsened for a sufficient length of time Tliese 
thiee foim=, then, heieaftei will be consideied as vaiiations of blastom}'- 
cetes, T3'pe 1, in contiadistinction to fi^pe 2, another foim to be desciibed, 
shoeing ladical difieiences and lepiesenting, so far as has been ohseived, 
a possible final stage of giowth oi leiersion tj'pe 
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Glucose-]actose agar gave mnclr more luxniiaut giowths than the 
plain agai Ko clilfeiences conkT be obseived in tubes of 0 6 pel cent 
acid, nential and 0 6 pei cent alkaline leactions Giowths on potato, 
ffelatin and semm agai showed no chaiaeteiistic difleiences, except that 
on the laltei, which contains glucose, the giowth was nioie Inxiiiiant and 
wiinkled smface menibianes occuiied inoie often 

Gioiiths in bouillon inoculated with pus appeal as fine sediment in 
the bottom of the tube and in shaking can be seen to be finely gianulai 
On examination, tins consists of budding oi shoit hyphal foims Latei, 
a numbei of lound disci ete mycelial tufts closely resembling thistle- 
down appeal In the test-tube these soon become confluent, foiining a 
cohoient mass, which can often be lemovcd entire with the platinum 
wire A single colony giown in the flask increased in size until it filled 
that part containing the medium, and jetained its eiiciilar foim The 
oldei inyceliuni in the ceiitei of such laige colonies iindeigoes a degeneia- 
tion and becomes ti ansliicent, giving the giowth a hollow appeal ance 
When the mycelium leaches the top of the medium, a tough suiface 
membiaiie is foimcd, on which aeiial hyphae develop Sometimes before 
the development of the latter the inembiane sinks to the bottom, becomes 
blown and gelatinous and finally disintegiates, while another may form 
on the suiface In siibcultuies, in iihich the transplanted mateiial floats 
on the suiface oi lemains adheient to the side of the glass, a suiface 
membiane only may occur 

The form already mentioned as Type 2 appearing in subcultures of 
Type 1 was first obtained in a siibcultuie on agai of an old bouillon 
giowth of an organism from Case 22 In a rathei diffuse giowth of 
Type 1 a iiumbei of white small waxy colonies weic observed and for a 
few days legai elect as a contamination When an attempt was made to 
1 enrol e them for examination, they iveie found to be very hard in eon- 
^isteiiey and quite adheient The stiiictuie was mycelial in character 
and pure ciiltiiies were then obtained The apireaiance of this mixed 
culture and also the first pure ciiltiiie are shown in Eigiiie 7 The 
chaiactei of this new tvpc coiiesponded to the giowth obtained from 
the blood m Case 19, and foi tins reason was considered to have some 
relation to Type 1 This type was afteiwaid obtained from the cul tines 
made from the pus in Cases 19 20, 21, 22, 23, 25 and 26 

Tlie time of appeal ance of the T)pe 2 is laiiable It occuiied imme- 
diately 111 ciiltuies from the blood in Case 19, m five weeks in cultiiies 
(Tipe 1) fioin the pus in Case 25, and fifteen months in cultines fiom 
the pus in Case 18 Its occiiiienee seems to be favored by prolonged 
giouth on liquid mediums and a gradual transition has been observed 
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Fig C — BHstonncetic cultuies Mewed by tiansmitted light (a) T'spe 2, 
note the limited nniginil giowtli of mjcelnim, (b, c) Tjpe 1, siibmeiged and 
surface mjcelial foims whose manner of giowtb is more plainl} shown 
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T’lg 7 — Cultures of blastomycetes obtained from pus (a) non-spoiulatmg 
foiiu of lype 2 isolated form, (b) a culture of the usual Type 1 in wbieb colonies 
of sporulating T^pe 2 (s T II) appeared 
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Ob iigai tliG coloBies of Tvpe 2 appeal as lonnd, glisteiiiiig, opaque, 
Avhite 01 yellowish growths, lesembling closely those of stapliyloeoeci-' 
They diffei, howevei, iix that tliey aie tough aud adherent As the 
colonies become older they sink into the medium and the margins aie 
depressed beneath the surface Occasionally a cleft oi ciiciilai opening 
appears in the centei, giving a buist-bubble appeaiance The ne\t change 
observed m the same tube oi in a subeultuie is a niaiginal giowth of 
hj^phae, which by tiansmitted light appeals as a halo about the colonies 
(Tube A, Tig 6) 

With plenty of moisture at incubatoi tempeiature, the disci ete colo- 
nies may attain a diameter of a centimeter or more, the surface then 
becoming moist, slightly gianulai and wrinkled When the colonies 
become confluent a membrane is pioduced which, owing to the lapid 
central giowth, becomes wiiukled or coiiugated similar to Type 1 The 
last, and so far as has been obsened, the final stage, is the production 
of short hyphae bearing many small spores Tlie suiface now presents 
a white iiowdered appeaiance (Tig 8), although on glucose medium a 
giay has been noticed, and on seveial occasions a slight pink or red was 
observed Glycerin medium, probably by pieserving the moisture, seeiin? 
to retard spore development Eeversion of Tvpe 2 to Type 1 has not 
been observed Type 2, then, so far as is known, lepieseuts the form 
finally assumed by the organisms aftei lemoval fiom the animal body, 
and IS the form in which spoie foimation occurs to the greatest extent, 
resembling the natural molds in this lespect A minute portion of the 
spore form of Type 2 will produce innumerable colonies, whereas a con- 
siderable portion of the mycelium of T 3 'pe 1 must be used to secure a 
growth The possibilitj'’ of obtaining the budding form by inoculation 
of animals with Type 2 is at present undei investigation 

In cultiiies of Type 2 gioun in bouillon the colonies are small, 
raiel}’^ attaining a diameter of more than a few niillimeteis They usually 
remain discrete, and if thev should become slightl}' coherent, separation 
readily occurs on shaking In case an}'^ of the growths reach the sur- 
face a membrane also is formed, the surface of which assumes a white 
poudered appearance which is chaiacteiistic of the spoiulating growths 
on agai A distinct and chaiacteiistic niustj'^ odor is usuall}'^ present 

Litmus Milk The lesults of giowths of either type on litmus milk 
ueie vaiiable In a few instances the milk became acid, but in the 
majority it uas alkaline oi unchanged Coagulation oceuiied seieial 
times, but was not constant 

Termentation Tubes Both Wpes of the oiganisras of the first fi^c 
eases uere tried uith maltose lactose, dextiose and inulin bouillon, but 
no ga^ formation took jfiace All but two of them uere tiled later uitli 
dextrose and lactose bouillon uith the same result 
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The oiganisms :esibt diymg foi pioionged peiiods, growths having 
been occasionally obtained from dry cnltnies ovei eight months old The 
presence of bacteiia in the cnltnies seenis^ howeveij to inhibit the giowth, 
and hnally destioys the blastoniyectes The oiganisms aie also readily 
killed by heat, 100 C (212 F 1, 1 per cent, dilntiou of liqnor foimalde- 
hyd and chloretone, 0 8 pei cent , and phenol (eaibolic acid), 5 per cent 
solutions Sunlight and lack of moistnie also inhibit the giowth 

iloiphology of Cnltnies 'Fhe moiphology of blastomy cotes Tjqie 1 
111 cnltnies has been so well desciibed and illnstiated by other writeis^ 
that nothing of importance can heie be added, and the stiuctnie of Type 2 
is BO minnte that a detailed desciiption is difficult to give So fai as lia^ 
been observed, the niycehnin coi responds in nearly all details to that of 
Type 1, except that it is very minnte, the individnal hyphae appearing 
as ffiie lines, with even the 1/12-inch lens The spores appeal very smi- 
ilai to COCCI Figure 9 shows faiily well the general appearance of the 
mycelinm in contrast to that of Type 1 (Fig 10, same magnification) 

Expenments with animals to demonstrate the pathogenicity of the 
cnltnie we isolated were not so snccessfnl as some reported by other 
obseiveis Dogs, labbits, guinea-pigs, white and giay rats and white mice 
wcie used The material inoculated consisted of pns aspirated from 
abscesses, and both fiesh and old agai and bouillon cultures The quan- 
tity vailed fiom 1 to 7 ce, and this was injected subcutaneously, intia- 
peiitoneally, intravonouslv and intiatiacheally Death never was pro- 
duced except when the cocci weio present in the material inoculated A 
nninbei of white mice died ajipaiently from the tianina of the injection 
Subcutaneous inoculations usually produced abscesses, sometimes enor- 
mous 111 si/e, all of whicli healed spontaneously with oi without luptuie 
Deinonsti ation of the oiganisms in these abscesses and then cultivation 
was po'^sible only during the fiist few days following inoculation Injec- 
tion into seions cavities or the reins produced a transient illness Ani- 
mals killed at varying periods after intravenous inoculation showed no 
nncioscopic systemic lesions Fioin agai -plates of the heait-blood of one 
labbit killed two days after inoculation luxuiiant colonies were obtained 
T should conclude, theiefoie, that the lowei animals are markedly resist- 
ant to blastomvcotic infection in spite of its power to produce suppura- 
tion It IS pocsible that m the human being the resistance must be 
consideiably diniimshed before infection takes place 

file obiiouslv seiious natuie of the disease in man and the inciease 
in the mmibci of ea^es taken into the hospital naturally occasioned 
anxiety on the pait of the attendants in legaid to the possibility of 
contaijion fioni the patienFs sputum oi the profuse purulent di'schaiges, 
and the question of isolation aio«:e During the spiing of 1908 a slight 

S Ricketts, II T Join Xled Research, leoi, m, No 3 
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nasophaiyngeal infeciion was piesent among the hospital attendants 
The till oats of fifteen who had diiectly or indiiectly been exposed to 
blastomycosis were examined No organisms weie found in the pharyn- 
geal 01 liionchial mucus, noi were any cultures obtained Strict isolation 
was not established, but reasonable piecautions were obseived To oui 
knowledge no one has been infected, and it is improbable that infection 
with the oigamsm as it exists in the pus oi sputum occurs except by 
diiect inoculation It may be advisable to mention at this point an inci- 
dent which might have a beaiing in the dangei of handling the cultures 



Fig ^ — Pliotoimciogiaph of mycelium fiom a cultuie of blastomycetes 
Type 2 It piesents the same gencial stiuctuie but much smallei than Type 1 

Dining the laboiatoiy woik a test-tube containing a bouillon cultuie of 
blastomycetes (Type 2— spoiulating) fiom the blood of Case 19, lyas 
bioken in the piesence of anothei person and myself The odor was 
veiy niilating, and it is not impiobable that a numbei of the spores 
weie inhaled In spite of spiay^s and an antiseptic gargle, a pharymgitis 
and laiMigitis dcieloped in one of us The othei expeiienced a chill 
about SIX lioiiis latei and a puiulent bioncliitis dereloped lasting for 
tliiee dais associated uitli consideiable feiei No oiganisnis, howeyei, 
i\cie obtained in films oi ciiltuies made fiom the sputum 
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I'lie leseiublance of giowths in cultures of these organisms to those 
of natuial moIdS;, and the ease ivith which (like the latter) they could 
be giown on moist biead (Fig 11), cotton and vaiious foims of cloth 
and papei, led to an investigation of the home surroundings of seveial 
of the patients as well as the conditions pi evading in such places when 
the disease began The results are especially noteworthy, since in nearly 
all the leported instances in Avliicli the onset of the disease could be 



Fig 10 — Photoniiciograph of cultiiie of blastoniycctes lApe 1 It shows 
plamlj the budding and hjphal foiins 

deteiniined, it was learned that the tiist symptoms developed dm mg the 
months when in this legion gi eat dampness and mold giovth piciads 
One patient (Case 19) lived in a basement on Huion Stieet At 
the time of ini e'^tigation it was uninhabited and entrance could not be 
effected Through a bioken window, hovciei the looms vcie seen to be 
■\ei} daik The flooi was laid directlv on the earth and a numbei of 
the boards uere completely deca 3 ed Fiom the neighbois it va'^ learned 
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that the family had veiy iinhygienie habits^, and that owing to lack of 
loom the patient liad often slept outside undei the sidewalk Another 
(Case JiO) Ined m South Chicago, also m a basement with a low ceiling 
and painted walls The wooden floor was several feet below the level of 



1 ig 11 A loaf of biead tlnee 'v\ecks aftei inoculation 'uitli lilastoniyeetes 
Jipe 1 Ihe inolil has spiead ovei the entiie loaf 


the btieet, and the suiiounding land was maishy and covered with pool‘5 
of vatei ^\hen evamined (IStor ember) the rooms had been renovated 
and weie in a faiily camtaiy eondition The vife hovevei, stated that 
after the snov came and the giound Tvas fromr the floors veie alvaj's 
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damp, and that thife was increased by the condensed steam trickling down 
the alls, also that the bed-clothes became so moldy that each spring they 
weie forced to burn the matti esses A thud patient (Case 21) lived on 
the second flooi of a thiee-story building The basement, in which the 
closets of the tenants weie situated, was daik, leqmiing the use of candles 
in the daytime The flooi ot this basement Mas paitially flooded with 
■watei, which -was escaping fiom the seivei -pipes The planks covering 
the flooi were in various stages of decomposition, and piesented much 
mold giOAvth 

The iouith patient (Case 22) for si\ months piioi to the onset of his 
illness had lived in a cabin-boat ■while engaged in dredging A fifth 
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Fig 12 — A flash light photogiaph of a basement in ■which one of the patients 
slept chiiing the winter he Avas infected His bed vas made of old caipets on 
a pile of sand near this boaid vail, which Ai'as banked vith eaitli on the outside 
For several inches aboA'e the point vhere the boaids (bo) enteied the earth (ca), 
a brown fungous growth {mo) wis piesent Above this, for some distance on 
the board the fungus Avas dry and the surface aa as covered aa itli spores, giA ing 
it a AAhite pOAAdeied appeaiance (sp) The giovth A\as most luvuiiant during 
fall, AAintei and spiing months 

patient (Case 23), during the Avinter he ivas infected, slept in a base- 
ment located in the “Ghetto” on the West Side of Cliicago It ivas Iom, 
daik and pooily Aentilated The AA’^ooden Myalls w'ere backed Avith eaith, 
quite moist in places and coAered vith a blown fungus grovth Where 
the AAOod A\as cli} a Aidiite pov'dei -like deposit aa as present (Fig 12) The 
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Fig 13 ^Fungus giowtii on a piece of wood lemoved fiom the basement illus- 
tiatod in Figme 12 
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patient slept on a pile of diit near this wall, and liis coveiings consisted 
of seveial carpets which weie also moldy Seveial pieces of the decayed 
boaids were lemoved and taken to the laboratoiy The geneial appeal - 
anee of the fungus giowth was not unlike that of blown plush (Pig 13) 
On drying the surface became coveied with a white, powder-like deposit 
(Fig 14) The same changes took place on the walls of the basemenl 
dining cliy weathei This powder when inoculated on agar gave pine 
cultures of a mold rvhich diffeis in only a few respects from the blasto- 
mycetes, Type 2 , to be desciibed piesently Inoculations from the bouil- 
lon in which this fungus has been tiituiated also gave a large niimbei of 
colonies of this type, and a few of another ti'pe A low-powei view of a 
section of the wood and attached fungus is shown in Pigine 15 The 
general m 3 '^celial structuie in which compartments of spores eiist can be 
made out as the magnification is inci eased, and two varieties of circular 
bodies can be recognized** (Fig 16) 

A si\th patient lived neai the lake in South Chicago, on the second 
flooi of a two-story frame house built from 3 to 5 feet below the street- 
level and coveied with water duiing the winter and spring One small 
cooking-stove supplied the heat in winter for the rooms occupied by 
sixteen men When examined in August the loom, which had painted 
ceilings, was dry and well aired During the drought of July and 
August, 1^08, the diit floor of this basement was still wet, and white 
mold spores were found on the timbers 

The residence of a seventh patient (Case 35) could not be located 
It was learned, hou^evei that he had lived in the Croatian colony in South 
Chicago for three months The dwellings there are old frame houses 
built on giorind so low that the first floor is 3 feet below the street level 

0 The fiist is a cleai, round, tianslucent body, and is the vaiieti which is 
most abundant They are produced by segmentation of the In pine, and pi oh 
ably constitute the spore foim The second iaiiet'\ is laiger and usually dark 
blown A feu of these can be seen in the suiface nijcelium, but the^ me most 
abundant in the substance of Ibe u ood Some appeal to be f oi med in the hr phae, 
and in other pi ices the liyphae seem to oiiginate from them Except in color 
thej lesemhle closely the hlastomj cetes found in pus In Elgin e 1/ the double 
contouied round and budding foims can be seen distineth A teased specimen 
of the suiface mjcelium shous branching and segmentation similar to that 
obseiied in cultuies of blastomj cetes (Fig IS) The fii st mentioned cultuies 
diffei only fiom hlastoms cetes in that the grouth is moie lapid and luxuriant 
and that a led coloi appeals m the gioutlis on ghceiinagai, although a slight 
pink has been obsened in the growths of Tape 2 obtained from the blood cultures 
The second lariety obtained from the wood resembles Tipe 1 in appeal ance but 
it bears abundant elongated oi cigar shaped spores In latoi cultures these 
spoies become round Photographs of these cultures aie seen in Figiiie 10 
Note resemblance to cultuies of blastomycetes (Figs 4 and S) 

10 Some of the miterial was lemoied to the lahoiatori and nearh pure 
cultures of a mold lesembling those aheadi mentioned were obtained 
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1 1? 14 Another piece of ^^oo(l fioni the snme basement Tlie plioto"! apli 
was taken seieral weeks after it was ieiiio\ed to the laboiatoi\ and show's the 
nmneious aioas of white tliifry mold (nio) whieli appeared 
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An eighth patient (Case 26) lived on the North Side, on the second 
flooi of a two-stoiy fianie building, the first floor was used as the wash- 
room of a steam lanndiy in which the patient worked The floois weie 
old and necessaiily damp No molds were discovered in this loom, but 
in an ad3acent closet a profuse mold growdli was found on the flooi 
Immediately under the window of the bedioom was a small shed used as 
a storeioom, and often fiequented by the patient TJie floor at the time 
of investigation (July) was coveied with litter which was damp and 
moldy The occupants stated that during the fall, winter and spiing, 



Fig 15 — A low-power field of a section of the fungus illustrated in Figui es 
23 and 24 (U/O) uood fibeis, {hy) mycelium made up of Inpliae enclosing (sc) 

spoie compaitments, in the lattei aie a large number of (sp) spores 

watei was always present under the flooi and could be forced up between 
the Clacks of the boards by the weight of the body Two bauds of 
decajung manure stood just outside the dooi No mold could be found 
in the living-rooms upstairs It was learned, howevei, that dining the 
winter the walls were always wet fiom the condensed steam of the laiindiy 

11 It IS notcMOithi to mention tint one of Dr Oimsbi’s patients at the time 
of infection s’ept in a looni, the windows of which were located just aboie a 
manuic pile 
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below The bedroom was so small that there was room only for the bed 
The only windoAV was the one mentioned as located just above the shed 
and manure ban els Specimens of moldy wood and leather from the 
shed and closet were taken to the laboiatoiy and cultures obtained which 
lesembled those alieady described 
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In View of the nnceitainty expiessecl m botanical literatme as to the 
closely related oiganisms, and beeanse no one has nndei taken to deter- 
mine the final place the blastomycetes shall occupy in the sj^stemic mycol- 
ogy, it IS hardly pertinent to moie than suggest that like other molds 
these organisms may possess a native habitat in such insanitary dwellings 
as those fiom which these patients came It would also be hazardous 
to do moie than suggest an identity between the molds giown fiom 
decaying hoaids and walls in these dwellings and the blastomycetes, 
although in many respects points of similarity were demonstiated, such as 
moipholog}, cultuial leaelion pathogenicity and vaccine icaction^^ 



l‘ig 17 — Photoniicrogi aph of the ■noocl just underneath the fungus, shouing 
loimd (i) and budding (b) foinis of oiganisnis uith lefnctile outlines Seg 
menting hjphae (hy) can be seen lunning parallel to the uood fibeis 


The suggestion of infection fiom these natuial souices bj’’ inhalation 
is peihaps 3ustifled to a certain extent in that it is geiieially held at 
present fiom both the clinical and pathological eiideiice that the lespiia- 
toiy tiact IS the atiium of infection in S3''steiiiic blastomycosis In at 
least foul teen of the cases leported the fiist symptoms iieie lefeiable to 
the lungs, and of eleven neciopsies in these eases, nine piesented old 


12 See Case C, aaccine theiapa, also in a subsequent discussion in this article 
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bioncliopnciimomc lesions It is also possible that the subcutaneous 
abscesses oi cutaneous lesions marking the onset in othei patients 5\eie 
clue to uniccognized pulmonaiy lesions with metastases in the skin and 
el'ieuheie In man no veiy good evidence of infection of the intestinal 
tiact has been obtained In four cases of this series the Peyei’s patches 
veie letieulated and pigmented, and in two cases the mesenteiic lymph- 
nodes weie enlaiged In anothei case (Case 7) peculiai nodes weie found 
in the colon and legaided by the authois as blastomycotic , oiganisms, 



Fig IS — A toa«5ed bit of myceluviii fiom the wood mold shoMing tbe seg- 
mentation of the blanching hyphae (%) and the loiind spores {sp} 

liouetei, ha5e not been demonstiated in eithei the bowel oi mesenteiic 
Ivmph-nodes 

As foi infection of the skin, such a laige numbei of cases of cutaneous: 
bla'itomycosis hace been leported that this condition is no longei legaided 
a<5 uncommon In «ome of the'je it seems quite evident that the infec- 
tion followed «ome foim of tiaumatism In only three instance': how- 
ciei has it been clcaih e':tablished that 'iisteniic infection followed, and 
in these the cutaneous lesions existed foi fiom seven to tuebe }ears 
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lespectivelVj before symptoms of systemic blastomycosis were manifested 
In once case (Case 12) tlie infection occuried seveial months after 
cutting the foot on a clam-shell That direct inoculation does occur was 
established in two of oui ea'^es in which new superficial lesions developed 
in the abrasions resulting from sciatching Blastom 5 ^eetes ivere found 
in the detritus under the fiugei-nails of these patients and undoubtedly 
had origin from preexisting ulceis wdiich the patients persisted in 
sciatching 

Pathology The skin and lungs have already been mentioned as con- 
stituting the piincipal atria of infection The spiead of the organisms 
from these points and the resulting pathological conditions depend 
very much on the lesi'Jtance of the individual and the location of the 
primary lesion 

Dissemination of organisms fiom cutaneous lesions does not seem 
to have occuiied very often These lesions have considerable tendency 
to spiead by contiguity of tissue, but invasion of adjacent lymph-node« 
IS not common, and m only a few instances have the oiganisms enteied 
the blood-stieam, producing metastatic lesions in the lung and sj’^steraie 
infection In two cases this piocess seems to have followed diiectly the 
cuiettement of the cutaneous lesions 

Primary infection of the lungs, as pointed out before, appears to 
occui fiist in the bionchi, to be folloived by the development of areas of 
bronchopneumonia in the neighboihood Further lymphatic spiead is 
jDossibly responsible for the pleuiitis, peiieaiditis and mediastinal 
lymphadenitis which have been noted Fiom these lesions in the lung, 
organisms may enter the blood and become distributed throughout the 
system vith the production of multiple metastatic foci, which in turn 
may give use to further dissemination by the blood route and reinfection 
of the lung The repetition of these processes may thus constitute a 
vicious circle and afford ample explanation for the numerous metastatic 
lesions chaiacteiistic of this disease The skin, muscles, subcutaneous 
tissues and the bones of neailj'^ eveiy part of the body have been involved, 
and all of the important visceia have presented nioie or less evidence of 
infection 

The variation in the reaction of the tissues to the presence of the 
organisms noted in a single case aie most lemaikable Blastomj^cetes 
in considerable nunibeis were not uncommonly found associated with no 
histological change whatever In other instances slight necrosis uas tlie 
only alteration noted 

The majoiitj" of the infected areas, however, presented round-cell 
infiltration, either alone or associated with giant-cells, polymoi phomi- 
clear leukoc 3 tes, or both In some tissues, especially in the visceia, in 
which the lesions weie small, definite nodules vere found and closely 
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Fig 10 — Ciiltuies made from tlie ’i\ood mold ga%e a large number of colonies 
(n h) elo^eh lesembhng those of blastomj cetes l-spe 2 obtained fioni blood and 
pus A few colonies resembling blastomj cetes Ijpe 1 weie also obtained and 
shown in tube (c) , (a) and (b) are the same except that the former is the 
older cultuiennd sponilation has occuired, gmng it a white powdeied appearance 
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le^eniblocl those fonnd in tubeiculosis e\cept that cential iieciosis was less 
maiked Othei nodnles contained man}’- polymorphoniicleai cells consti- 
tuting small abscesses These weie found eithei disci ete oi confluent 
the lattei being separated by blood-vessels and bands of eompiessed 
tissues Some weie veiy small, occupying an aiea equal in diametei to 
one-half of a high-powei field The laigei abscesses weie often sui- 
lounded by a distinct wall of gianulation-tissiie Giant-cells usually weie 
piesent, often in consideiable nuiubeis Then absence in a few instances 
was especially noted They ucie usually of the Langeihans type, but 
weie raiely as typical as those found in tubeiculosis In some cases heal- 



Fig 20 — A section showing hlastomjcotic abscesses in the skin 'incl snb 
cutaneous tissue (s7i) skin, the epithelial layei of which Ins been imohed 
secondnv to (ab) the subcutaneous abscesses, (ab?) an abscess about to lup 
ture, tjpieal cutaneous lesions often deielop at these sites 

mg of the infected aieas occurs and is often associated with maiked 
fibiosifc, especially in the skin, lungs and pleuia 

Tlie changes most chai actcristic of blastomi^cosis aie the cutaneous 
ulcei ations, the deep and supeificial abscesses, and the often tiibeicle- 
like nodules in the visceia Some of these lesions deseive special mention 
Tlie infections in the skin mat appeal as pustules, subcutaneous 
abscesses or local ulceiations (Figs 20 and 21) The pustules aio 
usually multiple and may occur successnely oi in ciops The iilceis 
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may oceui pnmaiily as such oi develop in the site of the ruptured 
abscesses In cases of the lattei, the ulcei inoduced is usually sui- 
rounded by an aieola of inflammation, the maigins are slightly “raised 
and irregulai, and tlie base is soft and coveied with gi anulation-tissue, 
which may become fungoid and appioach the suiface, latei assuming a 
papillomatous appeal ance, which is more oi less charaoteiistic of the 
lesions of chronic blastom 3 ^cosis of the skin (Fig 32) 

Idle abscesses may be supeiflcial oi deep and have oiigin in the skin, 
subcutaneous tissues, lymph-nodes, muscles, hones, nervous tissues and 
viscera Then size is most vaiiable, ranging fiom veiy minute areas to 



I’lg 21 Pliotoiniciogiaph of a section of subcutaneous abscess (a) stiatum 
coincum {h) papillaiy Ia 3 er nbicli is being in\ade(i by (c) the abscesses con- 
taining laige iniinbei of blastomycetes, infection lieie occuiied fiom the blood, 
(d) subcutaneous tissue 

enoimous caiities containing a quait oi moie of pus Those haimg ori- 
gin in the deepci tismes aie moie oi less haid at fiist, but fluctuation 
del clops soonei oi latei Some are associated uith pain and the signs 
of inflammation, vhercas otheis aie discoaeied the patient atci- 
dcntalh Snonlaneous healing of eion laige ab':ces‘=es was noted, but 
the maioiiti eithei luptuied oi lequiied incmion and diainage to relieie 
the tension pain Healing then ■‘^ook place or a discharging fistula per- 
sisted, tbe opening of nhich sometimes became sui rounded by the char- 
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aeteristic papillomatous ulceration The pus usually was thick and tena- 
cious, making aspiration difficult, and vaiied in coloi fiom a light yellow 
to a daik red oi brown, accoiding to the amount of blood piesent 

Blastomycetes can usually be demonstrated in the pus by mounting it 
direct 01 mixing with a 20 pei cent solution of sodium hydroxid (Pig 
1) In a tew instances they could not be demonstiated eithei in smeais, 
tissue sections oi by cultuies Perhaps the most leliable method in such 
cases IS the staining of a thin smear on a slide with hematoxylin and 
eosin, or with pohchiome-metlnlcuc-bluc The clegeneiated foims can 
then be moie easily lecogniyed 



Fig 22 — A t'spical lesion of cutaneous Ulastom^ cosis (c) papillomatous oi 
leiiueose surface, (wi) raised indurated boidei cont lining imhniy abscesses, 
{sc) scar of old lesion (Bj couitesj of Dr 0 S Oinisbj ) 


The affections of the bone consisted of osteomj^elitis, periostitis 
and aithiitis The osteoma^elitis nhich is suppurative in its natuie may 
be diffuse^"^ oi localised In either case the fungi aie very numerous, 
ini acting the nanow compartments and causing necrosis of the maiiou 
cells with the formation of a puiulent exudate The bone paititions 
then disappear, the aieas become confluent and an abscess is thus pro- 


13 Figuie 2 Case 10 aiticle bv Kiost, Moes and Stobei, tins issue 

14 Fignie 4, article ba Krost, Moes and Stober, tins issue 
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duced The process may involve the bone to such an extent that spon- 
taneous fiactuie happens Euptuies of these abscesses often occuried, 
causing extension to adjacent tissues Such lesions in the ribs/® clavicle, 
feteinum/’' the bones of the skull, and the small bones of the hands 
and feet weie impoitant featuies m a number of cases Foimation of 
seqiicstia was observed in two instances 

In the long bones the infection has a tendency to lodge in the 
epiphyses,^® and in some instances the shape of the infected areas 
strongly resembled those produced by infarcts Extension by rupture 
of the epiphyseal ab‘?cesses was lesponsible foi the majority of the 
joint lesions 

In those necropsies in which oppoitunity was afforded to study the 
changes in and about the joints, communication with abscesses in the 
adjacent bone were always found In the cases in which suppuration 
of the joint was marked, more oi less destruction of the synovial mem- 
bianes, the aiticular ligaments and periarticular tissues was produced, 
often to the extent that subluxatioii occuired The articular cartilages 
were sometimes so completely destroyed that the rough eroded bone was 
exposed Diffuse blastomyeotic osteomyelitis of such an exposed head 
of tlie tibia was found in Case 21 A healing periostitis was also 
present in this case Special mention should be made of the spinal 
lesions because of the close resemblance of the symptoms produced to 
those of tuberculosis oi Pott’s disease Spondylitis was present in Cases 
7, 8, 18, 19, 23 and 28 The bodies of the veitebrae weie affected in 
all except Case 23, in which the disorganization seemed to have occuried 
in the laminae and the posterior ligaments Moie or less complete 
paralysis occurred in two cases 

A careful study of the appearances of the bone lesions in numerous 
loeiitgenogianis was made h) Dr II E Potter, roentgenographer to the 
Cook County Hospital, and the following are his observations 

In gencial the piesence of blastomyeotic infection of bone is easy of demon- 
stiation on account of the intense localized natiiie of the destructiie process In 
the hist stages of the inyasion no changes are visible, bnt as soon as destruc- 
tion and absoiption have adyanced to a moderate degree the lesions aie easily 
deiiionsti able On the yyhole it has been oui evpenence that the ladiograpliic 
hiidings are iiioie niaiked than in othei types of infection presenting a similar 
clinical pictuie IModeiate pain, tenderness and syyelling around a joint may be 
accoinp lined by a niaiKed degiee of bone inyolyement 

15 rigine 1, aiticle by Kiost XIocs and Stobei, this issue 
If) Tigines 4 and 5 aiticle by Lcyyison and Jackson, this issue 
17 rigiiie I ailiclc by Xhers and Stobei this issue 

IS Figure 3 aiticle hy Xlyeis and Stobei this i^sue 

1*1 Figiiie 2 article by Leyyison and Jack'^on this issue 

20 Fimiie 4 irticle by L,eyyison and Jackson, this issue 
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I ha^e been fortunate in being able to obtain numeious skiagiaphs at vaiions 
stages of the disease fioni eases -wliich weie being studied exhaustively fioin a 
clinical and pathologic standpoint The lesions which weie skiagiaphed and 
studied occurred in the spine, ileum, iibs, femui, tibia, fibula, scapula, humeius, 
radius, ulna, and in the wrists, hands, ankles and the feet The following con 
elusions have been diann from a seiial study of the plates alone ^ 

Skiagraphs of blastomycotic bone lesions show laref actions and osseous pro 
hfeiations not dissimilar in some lespects to those seen in othei t-^pes of bone 
infection A comparative study of moie than a scoie of these lesions in their 
different stages and degiees of activity has shown, however, that ceitain appear 
ances are quite constant in blastomjcosis and but seldom seen in othei affections 
The lesions are most numeious and distinct in the long hones Here they are 
first seen in the spongy portion neai the epiphysis (Fig 23) oi, if the extiemiti 
bears no epiphysis, they he in close relation to the aiticulai sin face (Fig 24) 
A focus may remain single oi others may appeal in the vicinity, coalescing 
as they increase in size Coincident with raiefaction a bony peiiostitis 
develops over the extiemity of the diaplnsis and may completely eni elope it 



Fig 23 — ^Lowei end of radius and ulna R, an eai ly focus in ulna beneath 
epiphysis (E) R' R" and R'" aie eaily foci in ladius P, periosteal ossification 

The newly formed bone may in turn undeigo a progressive dissolution as the 
inner necrosis advances although an instance has been oDseived (Case 24) m 
which an arrested laref action ivas followed by a complete and peisisting 
encapsulation 

The epiphysis remains quite uniformly intact unless the joint cavity has 
been involved, erosions are then seen on the aiticular face The compact bone 
of the shaft has shown erosions on its surface seeondaiy to a deep abscess in the 
overlying soft tissues Such a bone destruction in the shaft may give the appear 
ance of a primary focus w'lthin the bone, until a projection at anothei angle 
proves it to be superficial I have not seen a case in which the attack on the 
compact bone from without has led to a penetiation wath the formation a medul 
lary abscess 

In an iniolvement of the short bones, which indeed is quite common, the 
picture IS that of multiple foci, general osteopoiosis, and eaiR iniasion of 
adjacent joints, with a minimum of bony prolifei ation 

Tlie usual appearance of well-marked necrosis and opposition seen m the 
ordinary lesions of the long bones is modified in those cases in which the clinical 
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fibrous plemitis was present, often obhteiating the cavities The thick- 
ening of the pleniae at times was lemaikable,-^ and the scais at the 
apices usually involved the adjacent tissues foi some distance, in one 
case causing constiiction of the jugulai vein Pus in the pleurae 
occuried but once, this in a localized empyema found in Case 19 
Fistulous passages in tlie pleurae extending to a lesion of the spinal 
column were found in one of oui cases (Case %2>) similar to that 
obseived m Case 7, and communication with the left bionchns was 
noted in Case 22 

A comparison of the lesions found in the lungs in these post-moitem 
examinations with those of eight previous reports, as mentioned before, 
suggests two methods of infection In a few cases the bionehogenic 
type predominated, but the majority showed diffuse hematogenous infec- 
tion, the primal y foci existing as fibrous areas about the larger bionchi 

In the bionehogenic type much fibrous tissue existed, eithei solid 
or enclosing regions of infected lung tissue and usually located in the 
upper lobes 

In one case an uppei lobe was converted into a fibrous mass in 
whicli were areas of necrotic material, some of which were associated 
with cavity formation and dilatation of the bronchi -- In maiked con- 
trast to such extensive fibiosis wa« the small aiea found in the lung 
of Case 21 This repiesented the only change in the lungs of a patient 
who a few months befoie had piesented clinical evidences of wide-spread 
pulmonary infection The lecent lesions consisted of small foci which 
have already been described as chaiaeteiistic of blastomycosis, although 
in some cases distributed throughout the lobe or lung, they were quite 
discrete, and histologically such areas were often found unassoeiated 
with inflammatory changes in adjacent alveoli This may explain the 
indefinite physical signs which iveie obtained in the examination of 
lungs uhieh at necropsj^ were found to be extensivelj^ involved In 
other cases such foci had become confluent, foiming largei aieas of con- 
solidation which weie usually light gray Softening in the centei of 
such areas w'as occasionally piesent These focal lesions in some cases 
weie distributed in such a manner as to suggest a bronchogenic origin 
In other cases, hoivevei the ivide-spread and uniform distribution closelv 
resembled a miliaij^ tuberculosis and could haidly have occuried except 
as a result of infection thiough the blood-stieam In the moie seveie 

21 Figuie 7 11 tide bi Krost Moes and Stober, Ibis issue 

22 Figure 1, article bi Mieis and Stober, this issue 

23 Figure 3 aitide bi Leuison and Jackson, tins issue 

24 Figure 3 aiticle bi Chui chill and Stober, this issue 

25 Figure 3, aiticle bi Krost, Moes and Stober, this issue 

26 Figure 1, article b} Boughton and Clark, this issue 
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ca-^es the infection was so maiked that complete consolidation of the 
lung Mas produced, although heie and theie small nodules could be 
=een 

Concerning lesions in othei usteia oui obsei rations also coi respond 
to those in pievious reports in that focal intectrons ^Yere quite com- 
mon 111 the spleen, Iner and kidne}^ Foci m the myocardium (Case 6), 
adienal (Ca«e 6), and pancreas (Case 5) had been found but once, and 
to this rve aie able to add instances of infection in the peiicardium 
(Case 20) the adrenal (Case 26) and pancieas as u^ell as four cases of 
bla^tomycotic abscesses of the piostate*® (Cases 19, 20, 26 and 29), two 
of rvhich rveie undoubtedly the souiee of the oiganisms found in the 
urine Nephiitis rvas more oi less maiked in all cases, ni 3 ^ocarditis in a 
ferv, and acute endocarditis m one case (Case 21) 

While lesions elseivheie have been quite numerous it is worthy of 
note that involvement of the brain has previously been noted but once 
In the report of Case 7 a laige abscess in the cerebellum together with 
lesions of the spinal dura and cord aie described, and subsequently small 
lesions in the cerebrum uere also discovered In the four cases of 
this senes (Cases 19, 21, 22 and 26) in which complete examination 
of the biam could he made, local lesions were also found They con- 
sisted of small abscesses of variable size and location In cases 19, 22 
and 26 they Mere found in both cerebrum^® and cerebellum,®’^ and in 
Case 21, one solitary nodule rvas found nr the pons These have been 
discus«ed by Dr LeCount^- The external cerebral dura rvas affected 
by extension of a bone abscess in Case 20, and the patient in Case 2 
died of a meningitis, the blastomj'cotic nature of which was not deter- 
mined Such a process, horvevei, had been anticipated and n^as found 
111 the necropsy in Case 27 by Dr LeCount The spinal cord also was 
involved in Cases 18 and 23 

Of considerable interest is the existence of lymjrhadenitis in blas- 
tonrjcosis inasmuch as the slight tendency of the hlastomycetes to 
invade tlie Ir mph-node^- has been drvelt on as a differential point between 
this infection and coccidioidal disease A general enlargement of the 
Irmph-nodes rras found at neciopsy in about one-third of the cases, 
and blastomycotic lesions in addition to having been found in the 
peiibionchial Irunph-iiodcs a number of times rvere on trvo occasions in 
tins senes also found in the submaxillair, axillaiq^ and inguinal lymph- 
nodes 


27 1 ig\irc 1 article In Ch\u chill and Stober tins issue 
2S 1 igures 2 and 5 article b\ Ma ers uid Stober tins issue 
20 1 jgure 2 article hi Churchill and Stobei this issue 

10 Figuie G article In XIaei« and Stobci this issue 

11 Figure 7 article In XIaors and Stober this issue 

12 1( Count F T; Tour Xer\ and Xlent Dis 1009 \\\m, 144 
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Ab a final supplement to the list and peihaps woithy of mention 
IS the general infection of the eye which occuiied in Case 20 Blas- 
tomjcetes were obtained in pure culture fiom the vitreous humor, but 
no opportunity was afforded to study the pathological changes 

In a majoiity of the case'? in which a caieful history could be 
obtained, the patients stated that then illness began with a cold or 
an acute infection of the respiratory tract, moie or less intense in 
degree The moie inten'je infections were sometimes preceded by a chill, 
and the symptoms most often noted weie pain in the chest, fever, 
dyspnea, cough and expectoration of bloody and purulent mucus, to 
be followed sooner oi later by the occurrence of the characteristic sub- 
cutaneous abscesses In other cases the onset was less abrupt and the 
initial symptoms slight and transient, the first manifestations to attract 
the patient's attention being the appearance of the local ulcerations 
or abscesses 

After the disease became established the geneial symptoms were 
those of a chronic infection malaise, loss of strength, emaciation pain 
in the affected parts, iiiegulai fevei, rapid puBe and occasional chills 
and sweats Emaciation and loss of stiength were usually proportion- 
ate In oui eases the emaciation was extreme The face became diawn 
and haggaid and assumed an expression uhich impiessed the observers 
as being somewhat characteristic The enlargement of the affected joints 
presented a marked contrast to the emaciated extremities 

The temperature was mo=t irregular, sometimes high, and at other 
times normal or subnoiinal In general, howevei, a fairly regular eve- 
ning use of temperature was present, and was usually associated with 
profuse perspiration In one case the high temperature occurred in the 
morning The pulse was usually increased in rapidity and often out of 
proportion to the temperature 

Sj'mptoms of pulmonaij' infection occurred sooner or later in all, 
and in some constituted the principal manifestation, although in no 
cases were the sjanptoms or physical findings commensurate to the 
extensive lesions found in the lungs at necropsy Cough was usually 
present, sometimes seieie The sputum was thick and purulent or 
mucopurulent in character, often containing blood The latter was 
piesent in neaily all cases, but was irregular in oceurience and small 
in quantity Ho maiked hemoiihages occurred Blastomycetes vere 
present in the sputum in eight of the cases of this senes, and in the 
mucus removed from the trachea at neeiopsj’’ in the other two Tbei 
weie also noted in the sputum in four of the othei reported cases 


33 I'lgiire 1, 'irticle bv We\MSon ‘ind Jackson, this issue 
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TJieii demonstiation is quite eas}' when examined in 30 per cent 
solution of potas'iium hydioxid with a Vs inch objective (Tig 35) 

Bespiiaiioii« weie increased, and in a few cases dj^spnea and hoarse- 
nes'^ wcie pie'^ent Shaip pains in the chest, due piohahly to the 
acute pleuiitis, weie not infiequent, but they laiely lasted more than 
a feu days The majoiity of the patients complained of a dull aching 
sensation in the chest Of the physical signs, diminished expansion of 
the chest, due to tibious pleuiitis, was often found Dulness on per- 
cussion, the piesence of lales, and increased transmission of breath and 
voice sounds were frequently noted, hut as already stated, were not 
pieseut 111 a degiee pi oportionate to the changes found in the lungs 
at the post-moitem examination Aieas of consolidation occuried tiist 



I'lji 25 — Hound and budding fonns of blastomj cetes m sputum Specimen 
mounted in 20 pei cent solution of sodium ludioxid (lSre«T.tive bi Dr W A 
Pusei ) ^ o j 


as a lule in the apices oi iippei lobes of the lungs the light side being 
aflected about thiee times as often a's the left Hales over the ba=es 
vilh no definite ‘Sign's of consolidation weie not infrequent Very little 
gastio-iute^^tinal di‘'tuibance vas noted Anoiexia was a common fea- 
ture and diaiihea was picsent in file patients Blactomicetes were found 
twice in the feces The spleen wa= not constantly enlarged Xephritis 
w i« not unooimnon and in =eicial cases a marked edema occurred 
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Albumin and casts occuned in the mine, and blastoniycetes, having 
oiigin in abscesses of the prostate, were found in the unnaiy sediment 
in two cases of this series 

Pain was a constant factoi in connection with tlie abscess formations, 
especially those involving the bones This was caused by the pressure 
of the enclosed pus, and relieved bv incision and drainage The pain 
and tenderness in the affected joints at the onset were not so maiked 
as in articular rheumatism, and not iieaily so severe as would be expected 
with such extensive destruction as usually occuis latei in the disease 
Insomnia because of the pain was a pi eminent featuie, and without 
doubt caused the marked iiritability and melancholia of some patients 

Lesions of the spinal cord were lesponsible foi paralysis of the 
lower extremities, and the involuntaiy discharge of mine and feces in 
two cases No symptoms weie pi educed by the lesions in the cerebium, 
but this could hardly be expected fiom their size or location One 
patient (Case 7) in whom a laiger ceiebellar abscess was found died 
during a convulsion, and signs of meningitis were manifested in one 
instance (Case 27) Maiked neuralgic pain and gradual loss of vision, 
due to blastomycosis of the eye, were among the first symptoms noted 
in Case 20 The infection was located in the posterioi chambei. and 
caused adhesions of the iris, iiiegularity of the pupil, opacity of the 
cornea, and maiked congestion of the conjunctiva with purulent 
discharges 

The blood showed a reduction in the number of red blood-corpuscles 
and the hemoglobin percentage that would be expected in a secondary 
anemia of such a chronic infection A leukocytosis is usually present, 
in some cases running as high as 30,000 per cubic millimeter The 
aveiage numbei ot leukocytes in the repoited counts, excepting a few 
in which the influence of sepsis distorted the blood-picture, was 16,800 
per cubic millimeter The aveiage differential count was as follows 
polymoiphonuclears, 73 per cent , small mononuclears, 17 pel cent , 
large mononuclears, 6 3 per cent , transitionals, 0 7 pei cent , eosino- 
phils, 1 5 per cent , basophils, 0 1 per cent , myelocjdes, 1 4 pei cent 
In one case the myelocytes constituted 8 pei cent The mononucleai 
elements are lelatiiely increased This was more pronounced in those 
cases 111 which leukocytosis was less marked, as foi example, one of the 
lowest counts (9,500 per cubic millimetei) shoved only 55 per cent 
iiolj'morphonuelears 

The essential factor in the diagnosis of this disease is the demon- 
stiation of the blastomycetes in the sputum or in the pus of vaiious 
lesions I’liis can usually be done so easily that there voulcl seem to 
be no excuse foi not lecognizing the disease when it exists 
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It slioiild be remembered, bowevei, that the organisms are easily 
oveilooked in stained pieparations, and the examination of fiesh mateiial 
IS not a common routine measure ]t happens, therefore, that the organ- 
isms in most cases have been found only when sought for, and when 
the natuie of the disease has been suggested by its clinical or patho- 
logical features 

Blastomycosis should be ruled out in all cases of chionic pustular 
01 ulceiative lesions of the skin, wasting pulmonaiy diseases, spon- 
taneous superficial oi deep abscesses, especially when connected with 
the bonc«, suppurative aithiitis and suspected Pott’s disease 

DIFFERENTIAL DIAGNOSIS 

The conditions with which blastomycosis has most often been con- 
fouiidej:! and the important differential points will be briefly enumerated 
Coccidioidal Cianulonia — This disease has been ably discussed m 
the ai tides by L Hektoen^ and 0 S Orinsby ” That the disease from 
a clinical and pathological point of view closely lesembles blastomycosis 
IS geiieially conceded The principal differential points advanced by 
tlie laiious authors are that in coccidioidal granuloma the nodular 
lesions resemble more closely those of tuberculosis, there is a greater 
tendency to involvement of the lymph-nodes, the cutaneous lesions are 
moie ulcerative, the aveiage duiation of the disease is shoiter than in 
blaslomveosis, and lepioduction of the organism in the tissues occurs 
pimcipally by endosporulation 

E pithehoma — The cutaneous lesions in Case 19 and also in other 
cases were first legaided as epithelioma, but close observation should 
readily differentiate these conditions The piincipal points aie the 
slower growth of epithelioma, the greater induration — extending into 
the tissues beyond the ulcei niaigin^ and the absence of the bluish-red 
halo suriounding the boidei, which contains the characteristic miliary 
abscesses, and in which the blastom-ycotic organisms aie usually found 
Tuhn cidosis — Beference has alieady been made to the close resem- 
blance between blastomycosis and tubei culosis, both clinically and 
pathologically So fai as the sjmptoins of the pulmonaiy infection are 
concerned, tlie clinical pictures of the two diseases aie so similar that 
diffeiential diagnosis is extreme^ difficult Tubei culosis is the more 
clostiuctne of the two, and cavity foimation and marked hemoptysis 
are theiefoie more common The examination of the sputum in mo«t 
cases of couise, gnes positive evidence of the condition present, and 
blast omicetes should be looked foi in those cases of suspected tuber- 
culosis in iihich the tubercle bacilli aie peisistcntly absent 

Tlie affections of the bones are also leiv similar The small bones 
and joints aie pcihaps iiioie often affected in blastonix cosi« the le=ions 
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aie moie often multiple, and associated pnlmonai}'^, cutaneous and 
subcutaneous lesions aie moie common It should be noted that m 
seveial cases the blastom 3 ^cotic ulcerations of the skin iveie mistaken 
foi lupus A very inteiesting and impoitant point emphasized m 
Case 23 was the marked simulation of Pott’s disease by the blastomycotic 
lesion of the spine If any diflfeienees exist it might be stated that 
hlastomycosis is moie painful and rapid, and may begin by extension 
fiom the pleuiae oi adjacent 'itiuetuies rathei than in the bodies of 
the veitebiae 

The tuheieulin leaction was tiied in seveial of the cases in this 
senes, with negative results 

Si/plnlis — Some of the pustules and ulcerations might be mistaken 
for syphilitic lesions and the hard induiated chaiacter, with subsequent 
softening of the deep abscesses, is suggestive of gummata Eoentgeno- 
giams of the affected bones have shown osteoporosis and periosteal 
thickening almost identical to that jiioduced in syphilis, and one might 
be fuithei mistaken and misled by the improvement which follows 
the admimstiation of potassium lodid 

Inasmuch as positive diagnosis of obscure eases of syphilis aie now 
being made with the "Wasseimann seium test, and it being realized 
that this is a gioup leaction, it was deemed of inteiest to try the 
leaction with blastomycosis The serum in tw’^o cases was tested by 
Dr F G Hairis One pioved negative and the other was positive 
It was assumed that the lattei patient was at one time affected with 
syphilis, although no histoiy could be obtained The blastomi^eetic 
vaccine leaction mav piove to be a positive factoi in the diagnosis of 
blastomycosis In three cases of blastomycosis in which cutaneous 
lesions were piesent, a distinct inflammatoiy reaction was observed in the 
local lesions aftei the injection of the blastomycetic vaccine filtrate In 
the two cases which were not so fai advanced a rise of tempeiature was 
obtained in horn six to twenty-four hours aftei injection, the tempeiatuie 
in some instances peisistmg foi two or thiee days Such a rise in tem- 
peiature did not occui in two cases of syphilis, three cases of tuber- 
culosis and three normal peisons who were subjected to the test 

Cutaneous tests consisting of the application of tlie filtrate and al=o 
tiituiated cultuies in lanolin to scarified areas provoked no leaction 
sufficiently distinct to be considered specific Ophthalmic tests wnth 
the filtiate weie also negative Different lesults might have been 
obtained with the use of cultuies killed wutli less heat oi in some 
othei maiinei inasmuch as the ones used weie subjected to a tempeia- 
ture of 110 C (230 F ) 

Di Boughton, using suspensions piepaied bj'’ Di L Hektoen, noted 
the formation of small nodules at the site of puncture and inoculation 
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aftei the metliod ol ^on Piiquet These did not occui in a subsequent 
test Otlier cutaneous and ophthalmic tests with these suspensions weie 
negative 

PUOGXOSIS 

Expel leiice to date indicates that the piognosis is extiemely grave, 
the moitality thus fai constituting neaily 90 pei cent It should be 
lemembeied, howevci, that m the ma^oiity of the eases the diagnosis 
was not established until the patients were m an extieme condition, 
and m seveial instances at necropsy The recovery in thiee cases 
(Cases 2, 13 and 24), the lemaikable tempoiaiy impiovement and the 
evidence of healed lesions m the lungs at necropsy in Case 21, and 
the healed and healing lesions of the lungs, pleura, peribronchial 
lymph-nodes and bones m Case 23 of this series, would indicate that 
the infection can be oveicoine by the system, and that with early 
diagnosis and piopei treatment the moitality can be much reduced 
All impoitant point to be lemembered in connection with the prognosis 
gnen legaiding local lesions is that live blastomycetes may peisist foi 
some time in the tissues of apparently healed regions of infection and 
again become active when tieatment is discontinued oi the patient’s 
vitality 1 educed 

The duration of the illness has varied from four months to two 
and a half reais Moie than half the patients were sick for a period 
longei than one year In many of the eases death was due to secondary 
pyogenic infection 

TRT!,ATMENT 

Pioplnjlaais — If the pieviously mentioned theory of infection should 
piove to be tine, prophylaxis could be lather easily established Pul- 
monaiy infection aiising fiom the inhalation of mold spores could 
be piercnted by the proper ventilation, ligliting and drainage of resi- 
dences and shop'5, thus pieientmg the dampness and moistuie, which 
farm mold grorvth Cutaneous infection could also be avoided by the 
careful eleansrng of wounds received in the presence of decaying oi 
mold} uood or other regetable mateiial 

Medical — The influence of lood, climate and hygienic measures 
is undoubtedl} as beneficial heie as in any other chionic infection 
The lecoren and cuie in Ca<=e 13 vas ascribed to climatic influence 
Of ‘specific medicaiion, potassium lodid in large doses seems to have 

the gieatest eftect It has been used succe'^sfulh in a number of 

•/ 

cutaneous infections and uas gircn credit foi the cure m Case 2 It 
va^ also administeied foi a tune in Cases 13 and 24, mentioned before 
as tuicd, and in Case« 21 and 23 in uhich an improrement at lea^t 
of the pulmonai} condition uas manifested (The inteinal adminis- 
tiation of coppei sulphate =eoraed to be of no benefit ) For the cough 
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pain and insomnia;, codein is especially valuable, although in a few 
instances moiphin was necessary While medical treatment proved 
of benefit foi the pulmonaiy infection, its influence on the metastatic 
lesions was not so maiked, and these appear to be the cause of 
death in a number of instances In the histological examination of 
the bone and subcutaneous ab'ieesses, one is impressed with the fact 
that the extension and increase in size of the infected aieas is often 
directl}’’ due to the piessuie of the growing fungi, and suigical inter- 
ference would therefore be indicated to a greater extent than has 
been employed Clinically, excision of the cutaneous lesion has been 
very successful, and the relief of tension pain was always obtained by 
aspiidtion or diainage of the abscesses In a few cases healing of 
abscesses was affected by this alone Cuiettement of the bone abscess 
in Case 23 resulted in prompt healing, although reinfection ocepried 
several months later 

Solutions of coppei sulphate and lodin were applied to the ulceis, 
but with indifferent results, piobably for the reason that the solution^ 
do not penetrate to a sufficient depth to reach the organisms Much 
better results iveie noted when these solutions were employed foi 
irrigation of the absce'^ses The Roentgen rays have proved very bene- 
ficial in the treatment of the cutaneous lesions, but they were not used 
to any extent in the cases of this series 

VACCINE THERAPY 

Vaccination with blastomycetes and their products for therapeutic 
purposes was performed in three cases, two systemic cases (Cases 24 
and 26) of this series, and one case of cutaneous infection (Fig 40) 
The latter xvas in the service of Dr 0 S Ormsby, through whose 
courtesy the treatment xvas instituted 

Iflie material used consisted of the filtrate and the suspension of 
the tntuiated membranes of bouillon cultures grown at loom tempera- 
ture foi periods vaiying from two to six months The cultures were 
killed by heat (110 C ) and preserved with 0 8 per cent chloietone 
Subcutaneous injection of eithei the filtiate or suspension produced 
an aiea of induration vaiying in size aceoiding to the quantity used 
A few of the larger areas became soft and fluctuating, owing to +he 
formation of pus, which wus sterile in all instances examined -Sueli 
indurations and abscesses weie more constant and pronounced when 
the suspension was used, and did not occur with small quantities of 
the filtiate A certain amount of pam wus noted the first few days 
at the site of injection 

The general effect of such injections was usually a rise in teniper- 
atuie of from one-half to two degrees This became apparent in 

38 Figure 4, article by JBouglifon and Stober, this issue 
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C v&i AIX (1) ’ — Utstoiy — )1 1j , IJ in.inicil a iiiitive of I’olnnd nml 

Hboior b\ occupation bad lucd in tlio luiitod foui M'lr-' He was ulnuttcd 

to tlie Cook Conntc Ilo^pital Apnl S, l'»07 to tin* -(iiin of I)i J.otb witli tbe 
diaf^nosis of acute aiticulai rlieuinatism, iKiaiist of (be oIimoii- swelliiij^ of tbc 
band and foot 

Aftei adinittaiicc to the ward, tlie following; liistorx was obtaiiKal witli tlu 
aid of an intciproler About fom montlis bcfoie adn)i-"ion be was t.ikeii with a 
scieic cold, cough and expectoration 'Jbih nilfrbual but little with liis geiieial 
bealtb He next noticed i pain in tbc buk at firnt Ml oiiK on inolioii, latii 
when hiiig on tlie back A iiiontb latn a swillmg ajipe-iud at tin- painful area 
in tbc tboiacic legion .it tin left of tlu median line J be loiigli winch pirsislid 
fioiii tbe onset bccinie inon marked, with nbuiulant i xpia-toiation Hi- appi 
tite began to fail and be noticed that lu wa- lo-nig wnglit \bout four wuks 
befoic admission blood was pre-int in tbe sputum for s(\cia1 din- tbe genei il 
weakness becinie -o pionounced tbit lu was tompelleil to stop work six week- 

aftei tbe onset 'Jwo montlis befou admission jminfiil swellings diielopul sue 

ccssi\eh on tbc back of tbe left band and foot anil in the clii st wall on the left 
side o\ei tbe clcwcntli nb 'Jlie next lesion appeiiid time wiik- befon admis 
Sion as a small papule on tbe light ala of the nose 'Jins was (|uite jminfiil and 
dcwelopcd slowh into a wait\ growth \ week latn enlargeiiieiit of tbe sub 
maxillary hinpb nodes on both hides of the neik wa- notuid lie complained 

of cough, profuse expectoiation night sweats niai ki d gi neial weikius- and pain 

in the affected paits He denied pienoiie illiie-s of eitliei a g< neial oi spicilie 
nature 'Jbe famiU biston was uiiiiiiiioitant cxtipt that In- Inst wife died of 
tuberculosis 'Jbne cbildien born b\ Ins second wife aie lualtln 'J be patient 
bad been a coal lie.nei Hie past foiii xtaih and Ins habits weie good 

Uxaimnatwii —Ww patuut was a middle aged man, coiihidciubh emaciated, 
and cerj anemic Ho lu on the light side and sulleied with mucb pain on e\eii 
slight moieincnts iiuohing tbe illected paits 'Jbe skin was moist and pci spun 
tion especialh pioluse on tbc foiiluaid and in the axillae 'Jbe lespiiation was 
flee and rapid, a^elaglIIg tlinlc jiei minute 'I he pulse was full and legulai 
tbe teniperatuio 00 8 1' , tbe scalp noimal, tbe fare diawn, tbe cheeks sunken, 
and the eyes paith closed 'Jbe jiupils wcie dilated, equal and leaded to light 
and accoinmod ition 'riieie was no lustagmiis oi cwidencc of oculai paraRsis 
In the middle of tbe foiebead was a small jiapillonmtous giowtb covoicd with 
a thin jellow ciust On lemovH of tins eiiist a small quantid of pus appealed 
Ibc maigin was indinated led and sbaiph deinaicaled iioin tbc suiiounding 
skin At the mngin of tbe light ala of tbe nose was .inotbei laigei giowtli 
15 cm in length 'J he pajnllomatous cbaiactei was nioie distinct, it extended 

^Reported in pait in Join Am Med Assn, 1008, 1, ISJ 

1 Roman numeials in tins and tbe following ai tides lefei to number given 
m bibliogiaph> iccoiding to publication oi oceiiiieiice Aiabic numeials lefer 
to numbei in tins sci les 
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into the nostnl for a distance of 0 5 cm, and was associated nith considerable 
swelling of the adjacent tissues The left ala of the nose nas red, swollen and 
indurated, but the overlying skin was smooth All these aieas were veiy tender 
The nasal cavity, mouth and phai'ynx ueie much congested with marked foima- 
tion of mucus No growths were visible, and the tonsils weie not enlarged The 
tongue was dry, the dorsum covered with a brown coat, the margins bright red 
The teeth weie in poor condition, many showing marked decay In the sub 
maxillary region on both sides of the neck Avas a hard, round, deep seated swell- 
ing about the size of a walnut The anteiioi and posterioi cervical lymph nodes 
presented a slight enlargement No cervical rigidity was present The thyioid 
was small and irregular The bony framework of the chest Avas prominent, 0A\ing 
to the marked emaciation Ovei the sixth iib on the left side in the nipple line 
Avas a rounded su^elling about 2 inches in diameter The ovei lying skin Avas led 
and adherent to the mass, and slight fluctuation Avas present Posteiioily, on 
the light side over the tivelfth iib, Aias another SAvelling of the same size, 
but the skin was not adherent and it did not fluctuate Diiectlj’^ over the spine 
extending from the level of the eighth thoiacic to the fiist lumbar vertebrae, and 
measuiing 3 inches transA^ei sely, AA'as still another SAielling fluctuating and 
adherent to the OA'ei tying skin Piessuie OA'^ej these areas excited marked pain 

Expansion of the chest AA'as slightly letarded on the right side On peicussion 
the lungs shoAied no changes anteriorly Posteriorh', dulness AA'as obtained over 
the loAA'er lobe of the left side and ovei a small aiea beloAV the angle of the 
scapula on the right side On auscultation of the lungs anteiioity a fcAV bubbling 
1 Tiles Avere heard On the left side OA'er the upper pait of the aiea of dulness the 
same signs Aveie present, and AA'hispered and voice sounds increased in intensity 
At the base these lales Avere audible but the breath sounds Avere suppressed 

The heart AA'as slightly enlarged to the left The apex beat Avas palpable in 
the fifth interspace in the nipple line A slight murmur could be heard ovei the 
apex, but it Avas not transmitted to the left, other sounds Aveie normal 

The abdomen Avas scaphoid On percussion and palpation no abnoi inalities 
Avere noted The liA'er and spleen AA'ere not palpable The genitalia Aveie normal 
The lymph nodes of the inguinal region Avere enlarged, foiming a continuous 
chain On each side On the doisal surface of the right foieaim AA'ere tAA'o small 
papillomatous groAA'ths, Avhich resembled closely the one on the forehead Consid- 
eiable pain AA'as elicited by deep piessuie on the muscles of the foreaim, but no 
SAAellings could be detected 

The left hand and foot aacic diffusely SAVollen, especially on the doisal 
surfaces The middle finger also shoAA'ed a diffuse enlargement, being nearly 
tAvice as large as normal These SAAelhngs AA'ere characteiized by pain, fluctuation, 
tenderness and slight redness of the OA'ei lying skin Examination of the neivous 
system revealed nothing abnoi mal 

Diagnosis, Treatment and Coinse — The patient’s condition aioused considei 
able interest and w'as diagnosed syphilis, pyemia and tubeiculosis by different 
obseri'ers, the growth on the nose being geneialty legaided as epithelioma Inas 
much as the diagnosis of syphilis was legaided as the most probable, the patient 
was given potassium lodid, 20' grains, and the piotiodid of meicurj, 1/5 giain, 
four times dailA , Avith the effect of marked softening of the sw'ellings The potas 
Slum lodid was continued for a numbei of w'eeks, after w'hich quinin and acetil 
salicjchc acid weie administered 

On Apiil 19 the charactei of the nasal growth was recognized and a diagnosis 
of geneialized blastoniA cosis was made Blastomi cetes Avere then demonstrated 
111 snieais of pus fiom the nasal growth The organisms Aierc also found in the 
sputum urine sediment, and the aspiiated contents of the swellings of the left 
hand and foot The nasal giowth was then excised and sectioned in celloidin 
Microscopic examination showed changes tipical of those descubed as occurring 
in blastomvcosis of the skin The epidermal laAOi presented a hyperplastic 
thickening with marked irregularity of the papillae Scattered thioughout weie 
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nunieious intia-epitliclial ab‘:ceBeo‘. densch packod viih lMn])l)Oc\ tcB. dcsquainaied 
epithelial cells and pohinorphomiclcii cells, the Inllei picdoninmtuip Blastonn- 
cetes MCie piescnt as lound or oial lefi.iclilc bodies miijih oi in cliiinps and 
budding foiins MCic present No gi.int-colls weie ]iiesent in Ibe ])nieh iiitin- 
epitbelial abscesses, but tlio\ weie quite nmneious in the uilis Ileie the cellular 
infiltiation i\as dense, and except in a few aieis Ibe inonoiiuele ii cells jirc- 
doniinated Jrain pi isiiia cells and eosinopbiis wcie pie«en( In stwcial places 
the blastonn cetes weie found in the giant cells ,\iteinpts to isolate the blasto 
nneetes in puie cultuie icsulted in failuic because of tin* imineious otbei oigin- 
isins picsent 

Blood cnltuics at tins tune Mtlded the oiganisiiis 5 cc of blood fioin the 
inednn ^eln being distnbuted cquulh into ten huge test tuiics, eicb containing 
10 c c of oidinari bouillon Aftei incubation foi three da\s two di‘-cictc white 
colonics weie obser\od in one of the tubes snsponded in the fibrin incslie- wbicb 
peiincatcd the fluid 'J bese giew rajudh and la-gan to show a distinct indiating 
stiucture lioni one of tbo^-c a smallci toloin grulualh s|.pirafc<l b\ its own 
weight and w.is latci icnioicd for cxaininatioii and subcnlinic to wincii 
refcicncc will be made lalci * 1 be icnio\nl of tins colom winch showed a dis- 
tinct blastonn cotio structnie resulted in tlie dissrniination of oignn«nis m the 
bouillon foi in a few dns about tbnt\ s(>(ondai\ rnlom«“' wen olnentd 
scaitcied through the lucdnnu B\ tins time the orignnl toloiiu”'' bid attained 
a diaiiietei of 5 nun the luaigins showing a llutTi ridiating shiutnie while the 
centei was becoming clear and indistinct I’nie enltnn>s wen i isih obtuiud 
from the abscesses 

.Vpiil 2-1 the led blood cells minibcicd 2-120 000 pci cnbii nnllimctci the white 
cells 14,200 A dilTciontial loiini of 200 udls sbowtd poh nioi pboiniclc u mutio 
plnls 07 percent laigc inonoinubai tcuKo(\tis o pci icnt snull inononuclcai 
leukocitcs 10 pel cent cnsmoplnls 2 pir cint nncbnilc- 0 pi r cent and 
tr.ansitional forms 2 jai cent Skn S, the white tills innnbeiid 22 SOO ]iei cubic 
irnllimcter Still anotbci examination on Ma\ 1(> gait* a ml tell (onni of 2 2^0 000 
pel cubic mill nnclti 'Jlic bcinoglobin was cstimat(*d at 70 jiei tint ('lalbiiist) 
The Icukoci tos uumbcicd 20,800 A ditrcitiitinl count siiowid 77 pci tent poh 
moipbomicloai iicutiopbils 7 jici edit huge moiionm Icai - 0 ]K‘i cent small 

monomieleais i pci cent eosinophils and 8 jici tint nntlotitc-. 

On Apiil 4 the uinio possessed the following feituics toloi ambci specific 
grant! 1015 No siigii oi allmnnn picMiit Dii/o icution negatue '1 be 
■'edinicnt contained a few leukocitc^ No icd blood tells oi cast-, weic pics 
ent An examinitioii on Apiil 25 gi\c .tbonl the s mie it**.nlts, extept that tlic 
sediment contained a few bialin cists and Iciikot \ tt‘s anil a huge numbot of 
loiind and o\al lefiaetile bodies jmssis^nijr ,» tlonlilc tontoni anti staining jiooih 
with niellnlene blue On Mai 0 tbcic was little cb uigo, except that the spctific 
giaiity was bigli, being 1 02S A caieful studi of the lefiactile Iiodies found in 
the sediment left no doubt <is to llieii cbaiatlei as tbei ilitl not dissnlie in a 
40 per cent solution of jiolassiuni liMlioxid, anil piesenled luimeioiis budding 
foinis 'Ibev nndoubtedli came fiom the pus fiom the abscesses in the piostate 
11 Inch weie found it neciopsj 

'llie sputum, winch w is ibuiidaiit was of a icllowisb puiulent cbaiactei, with 
vaiying amounts of blood, winch at times weie aiifiicient to giie it a buck led oi 
chocolate coloi It was thick, but not tenacious Bepeatetl examinations failed 
to demonstiate tubeicle bacilli in it Jlani blastonn eetes weie found in the 
potassium bydioxid piepaiaiions Nollnng of impoitance was found in seieial 
examinations of the feces 

The patient became gntliially woisc and ivas bolploss and Ixalnddon aftei 
May 18 He complained billcily of pain in the aflected pails, especialli on 

2 Tins IS the second case m ivlncb the oiganisms have been iccoveied fiom 
the blood, the fust instance having been lecoided by Buschke 
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motion, 01 when tlie nbscess nails became tense from piossuie of the enclosed 
pus Evacuation of these gave marked lehef 

Hie appetite continued fan, but in spite of this, he eontinued to lose ilesli 
until the emaciation became pionoimced No nausea oi vomiting occurred at 
any time The bowels neie faiily legulai Urination ivas noinial His sleep 
was often distiiibed by the pain occasioned by involuntary movements about the 
bed Peispiiation was piofuse and constant His mental condition iias veij 
good, but became initable and moiose towaid the end The cough was not espe 
daily niaiked at any time, but the evpectoiation was piofuse The local lesions 
piogressed nioie oi less lapidlj The induiation about the nasal lesion excised 
April 19 extended into the nostiil foi some distance, and it is piobable that not 
all of the infected tissue i\as lemoved, as the uound again took on a papillomatous 
appeal anee The opposite ala became led and swollen, and the surface covered 
with a thin brown ciust The abscesses on the hand and foot became soft and 
weie aspiiated Apiil 19 Maiked relief from pain resulted for a few days, but 
it became necessaij' to incise and diain a few daj’s latei The pus obtained 
was thick and varied in color from a light yellow to a dark brown The 
abscesses on the back also u ei e aspirated and the one on the left side of the chest 
inciseci May 15 

During this time new abscesses formed in the right forearm and hand and 
in the inner part of the left thigh These were subsequently opened and pus of 
a similar nature evacuated With one exception, the discharge from these abscesses 
had been continuous and piofuse, and a distinct moldy growdh occuired on some 
of the dressings in which the discharge had become dried 

There was a morning elevation of temperature, w'lth marked evening lemis 
Sion, the latter often subnormal, at one time as low' as 96 F The high points 
ranged betw’een 100 and 102 F until the last tw'O weeks, when tempeiatiires 
between 102 and 103 8 w'ere recorded The pulse continued fairly steady between 
100 and 120 per minute until tw'o W’eeks before the patient’s death, when it began 
to follow the tempera till e curve, going as high as 140 During the last four 
days of his illness it varied between 120 and 160, the temperature being subnormal 
llie respirations averaged about 26 per minute, and did not show any marked 
variations until the last w'eek, w'hen they also became more rapid During the 
last four days they w'eie rapid and laboied, from 54 to 60 per minute until the 
end Death occurred June 14 from exhaustion 

Neewpsy — Permission for a neciopsj avas seemed three davs after death and 
the following anatomic diagnosis made miliary and nodular blastomycosis of the 
lungs, kidneys, spleen, cerebium, pleura and lymph nodes Multiple blastomj'cotic 
abscesses of the ceiebiuni, ceiebelluni piostiate, pleuia, skin, osseous muscular 
and subcutaneous tissues Pai enchj matous nephritis Fatty changes, adenoma 
and angioma of the livei Adenoma of the thvioid Geneial lymphatic hjper 
plasia Shaven beard appearance of Peyer’s patches Atioplij of the testicles 
Fibrous pleuiitis 

The bodj w’as that of a middle aged man 177 cm (5 feet 10 inches) in length 
and extienieH emaciated Consider ible post-moitom lividity ind some edema 
of the feet and ankles weie present The surface of the body w'as maiked by a 
number of fistulas and eleiated swellings, from 2 to 8 cm (4/5 to 3 inches) in 
diameter and of thiee general tvpes a distinct papillomatous growth with a 
raised siiifaee occasionally coveied bj' a thin blown crust, the margins indurated 
and sill rounded by an aieola of discoloiation The second, excavated areas from 
1 to 3 cm (2/5 to 1 inch) deep, with giamilar f liable bases exuding a thin serum 
A third laiiety weie lesions coyeied by thick blown lupia-like crusts remoied 
with difficult^ and lesting on a bed of yellow pus The bases of the ulcers thus 
foinied weie much iiioie gianulai than those of the second yaiiety The last two 
yaiieties seemed to iinohe the subcutaneous tissues to a greater extent and sug 
gested these as the point of origin These lesions weie distributed in the skin 
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o\ei the right upper Iip light eM*hio\\ Knee dliow ind cost il liiaigiii Hit left 
cheek 'iiul on botii alae of the no«e 

'Ihe fistulas weie cithei oprn and di'^clniiging .1 Him itJlou pii'- 01 uere 
coiercd In 1 hiown ciii«( Hii % wtie located on the mnei ‘•ide of the left fool, 
doisal surf ice of the right) hand and ladi.il -ide> of lioth foieaini'' -\11 ntri the 
1 exults of opeiation none of the ah'et-'^e-^ liuiii'^ iii]itni(‘d '■jiont lneon‘'l^ J he 
siibcntancoti« .ih«cec‘-P‘; 1 uied m ‘•i/e fiom 1 to h indie' in liianietei and ntie 
=oft in consi<;teiic\ ind di‘'tnietlt flnctnating I lit o\ei 1 \ mg ‘’kin na‘' p He ii'iialh , 
freeh nio\ah!e o\er the ‘’Wdling and an tdeiiia of the adjaeoit ‘•oft paits Ma« 
noticcahlc On inci'sion i \uiilile anioiint of Hink pii' t'Capid fioni a Iiiight 
\ellon to a leddi'sh hiovin m color accoielmg to tlie anionni of Idond firt ‘•ent 
ihe Mills of the ah«ce‘-s eaiities mre •-nioolh and Him ‘'onie weit confined to 
the «nhcntaneon‘’ fi'‘:ne and other' (oinninnit ited with < nitu' m iiimtlt 01 hone 
1 hose confined nion 01 Ic" to tin* 'IiIk iit ineaiii' ti"!!!' utit lot ifed a' follow ‘■ 
on the left ‘Jide oier Hit elcienih anil fwilfth nli' one inei'iirmg I eni (i mdie^l 
in dianietci It la\ jn‘.f nnderneifh tin ‘•kin to whidi it wii‘’ adhertnt \nother 
of about the smie 'i/e wa‘- pr(‘;tnl at 1 jioint on Hie light of the sjone oppo'ite 
the fourth iiid fifth Hmiatic \ertehrae Ihlow till' dirtdh o\er Hit 'pim from 
the “ixtli thoi icie to the thud liiinhai rtitdnae ami extending to eiflirr 
side a distance of fi tin wa' a 1 irge t 1 nel,iifmg ab'Ci ‘•' It contaimd a 
large tpiantitx of ]iii‘' ind cxti ndi d deeph into tlie mii'e]i ' 1 xpmmg Hie •■i m nth 
and ele\cnHi iib=, and the ninth tenth, ehientli and twelflli Hioiaeie and Hie fir‘’t 
lumbar rertebrae Hie ‘•pmi of the nmtii flioinje bung iliiio't com|>ldih eroded, 
the others showing onh 'light irnohimiiii tin miisde' in Hu neighborhood 
had nndeigone ptP"iiie ,itio[iln About in mdi bdnw thi' and to the left of 
the modi in line w is anothir laige tlndnitmg ab'u 'S 0 mi I incli(') in 
diameter 

The absces'ch in Hie miiscniir tissins 'lemed to lie locatul bitwien the niii'di ', 
«e[)irafiiig them from each otiier and ndj icent 'tnidnies *5nnie of tlie'C hr 
extension weie siibcnfan(oii‘5 'Jbe wills of HI wiie thin and smooth with a 
noticeable abacricc of r.iggcd necrotu ti'sne \ft< r lenunal of the pii' and di in 
ing some of the caiitics it w.is alnio't iniiiO"ible to bu iti Hu bound in In the 
stibniaxillan region w,is an ab'Cess hmg beneiHi the jdatx'ina and 'feino 
mastoid mnsfles It extended b em (2V inelus) tnuei'ih and 1 rm (I’G 
inches) in a lertical dirfction Postniorh Hu* gnat les'cls of tlie neck were 
exposed Aiiothci 20 cm (S inches) in h ngth and (> i m (2’/ indies) transxei'clx 
w iR contained between Hie inu'de' of tin Hugh It' tlnoi was foinied b\ the 
miisc’cs scmitendinosns ,uid f'OiinineinbianO'iis 'i )iai atiiig the graiilis and the 
biceps Ihe wall was mule up of ii togni/alile surioiiiiding sfnictiiies and it 
was coicied In f.isna and skin No fomninnie.ition with the bone existed In 
the right forearm on the ladial side was a luge Rwellmg ixtending from the 
WTist to within 3 inelu's of Hu‘ ilbow, an ab'tess between the extensor eommiinis 
digitorum and skin and Hie extensoi ciipi ladialis breii' It had no distinct 
wall or comnuinication with Hie bone 

'Ihe abscesses iniohmg bones wiie iitliei eonfiiied to them 01 eommnnuated 
with collections of piis in Hie adj iceiit Roft puls 

'I he sinuses on Hu doisal siiif.ices of both bands led into small absiess eaiitics 
between the tendons and bones of the hands eommiiiiii ,iting with dilTiise infiltia 
turn of the deep palmai tissues In the left hand one h Hf of the shaft of the 
third and fourth metacarpal bones alone icinuned Slight eiosion of tlie adiacent 
superior surface of Hie os magnum and the iincifoim w is pie«ont On the mid- 
dle of the left foot was a laige abscess communieatmg with a eaMt^ m the body 
of the inteinal cuneiform An incision into the light ankle leiealcd a ditliisc 
infiltration of pus in the tissues about the ]oint with eiosion of the inteinal 
mclleolus 'Jbe light knee joint contained tin bid tliiid and the sjuniial menibiane 
w'as finely granulai 
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Directly ovei the sternum was an abscess 2 inches in diameter whicli com 
mnnicated thiough a small opening with an abscess m the bone This caviU 
measuied % inch in diametei and extended to the periosteum on the posterior 
sui face ( Fig 1 ) 

The seventh rib on the right side about the middle of the shaft contained an 
abscess 2 cm {% inch) m diameter, communicating through a small opening in 
the peiiosteum on the internal suifaee with another collection of pus between'^the 
layers of the pleuia This rib when split down the center to the costal end 
appealed normal to within an inch anteiior to the abscess (Fig 2) From this 
point to almost the costal end the marrow Mas yellow The cancellous bone vas 
softer than normal and the spaces were filled Muth a puiulent mateiial, Mdiicli, 
on examination, showed many blastomycetes singly and in clumps 

The deep ceivical lymph nodes M'cie enlaiged and fused, foinung continuous 
masses on eithei side, about 3 inches long, and an inch in diameter The majority 
M^eie firm and light yellow On section small yelloM nodular elevations 3 mm 
(% inch) in diametei umie seen Others M'ere softer and contained ealeaieous 
masses The inguinal lymph nodes M’eie also enlaiged, the largest on the left 
side measuiing 1 cm {% inch) in diameter Tlie submaxillaiy, supeifieial ceivieal 
and axillary lymph nodes weie also somevdiat enlaiged, but did not show^ the 
nodules oi softening Both pleuial cavities iveie obliterated by fibrous adhesions, 
and the lungs weie lemoved with difficulty 

The left lung M'eighed 1,340 gm (about 3 pounds) The pleuia was thin and 
M'as coveied rvitli numerous fibious tags A number of miliaiy nodules could be 
seen and felt beneath its surface The lung was fiim, did not collapse and crepi 
tated feebly throughout On section, the cut surface was grayish black and dif 
fusely infiltrated with small udiite or gray nodules from 1 to 4 mm (1/25 to 3/16 
inch) in diameter The intenening pulmonaiy tissue seemed noimal and on pres 
sure exuded a clear fiothy fluid Sections fiom the posteiior poitions ydiere the 
nodules were confluent floated low in M'ater Except foi a small area, 1 cm 
(% inch) in diametei, in the center of the Iom'ci lobe, no softening yms present 
Consideiable puiulent mucus could be expressed fiom the bionehi, and in this 
a number of blastomycetes, some of Mduch weie budding, veie found 

The light pleuial layers were united into a white fibious coat most pionounced 
on the lower part of the lung, where it measured seveial milhmeteis in thickness 
Betueen its layeis ovei the loumr lobe and communicating Mutli an opening in 
the periosteum of the seventh rib rvas the collection of pus alieady mentioned, 
oecupj'ing an iriegular space measuring appioximately 6bj'4 cm (2l4bj'll/> 
inch ) 

The right lung i/eighed 1 900 gm (4 pounds 3 ounces) It did not collapse 
and crepitated thiougliout On section (Fig 3) its appearance urns veiy similar 
to that of the left lung, except that in the Iom'ci lobe the nodules Mere more con 
fluent and formed iriegular giayish Mdiite solid regions 1 cm (% inch) or more 
in diameter Flo softening M'as present In the upper part of the lowei lobe there 
was considerable fibrous tissue about the larger bronchi 

The larynx, trachea and bionchi contained a large amount of frothy, puiulent 
mucus The mucous membrane m as smooth The peribronchial lymph nodes M'ere 
enlarged and fiim On section they were black and contained a few jellOM regions 
from 1 to 3 mm (1/25 to % in ) in diameter Others M'lth no coal pigment Mere 
softer in consistency, translucent, and grayush red on section 

The thyroid M'eighed 40 gm (1% ounce) Tlie left lobe Mas much larger 
than the light Little noimal tbywoid tissue M'as present the entire gland being 
made up of numerous round encapsulated regions fiom 0 5 to 2 cm (3/lC to % 
inch) in diameter on section from gray to light broMn 

The pericardial ca\iti contained about 4 ounces of yellow fluid Its layers 
were normal The heart weighed 200 gm (7 ounces) and presented no gross 
changes The aorta had a fcM puckered areas of thickening in the arch The 



1 Bl,istoiiT\ cotic <il)sc('ss of llie steinuni mu, ])ectoialis muscle, ah, 
the opening into an abscess in the gladiolus, the extension of \ihich can be seen 
in that area where a rcctangiilai poition (ic) has lioen cut away Uhis lesion 
communicated with a large subcutaneous abscess the floor (fl) of which can be 
seen 
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penaoitic lymph nodes were enlarged and giayislired, and contained small lel 
low nodules 

The pharyn\ and esophagus ueie noimal The tonsils weie small and had 
laige crypts containing a small amount of miicopus 'Jhe peritoneal earity con 
tamed a small amount of clear fluid The pentoneum uas smooth Fibious 
adhesions Mere present between the liver and colon, about the appendix and 
about the posterior margin of the spleen The omentum ivas devoid of fat 
A considerable degree of gastro entei optosis was present 

The stomach and panel eas showed only postmortem changes, the intestines 
the shaven-beaid appearance of Peyer’s patches 
The gall-bladder and ducts were normal 

The liver weighed 1,900 gm (4 pounds 3 ounces) The right lobe was 
enlarged and bore the impiint of the ribs The surface was smooth, yellon and 



Fig 2 — I, bIastom> cotic abscess (c/h) of iib, pait of which has been c it 
away Subcutaneous abscesses secondaiy to lesions of the ribs have been common 
features in most of the cases II, section of a rib showing blastomj cotic osteo 
mjelitis most marked at os The blood of this patient contained manj myelocjtes 

mottled with red The centers of the lobules weie dark-ied, the peiiphenes light 
jellow In sections an angioma, 15 cm inch) in diameter, and a small 

adenoma were found, but no nodules or abscesses were discovered 

The spleen weighed 100 gm (3% ounces) Hie capsule w’as somewhat 
thickened, the consistencj firm On section the tissue was pale and the trabeculae 
and Ixmphoid tissue seemed increased aSTiimerous blastomi cetes wcie obtained 
from a few small tellow areas I mm (1/25 inch) in diameter 

The kidneis together weighed 400 gin (14 ounces) On section of the left 
kidney the cortex measuring S mm (V- inch) rolled out beneath the capsule, the 
pyramids, from 10 to 18 ram (2/5 in ) in length weie daik The capsule stripped 
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roidih IcaMnj: a ‘smooth sinfnco Bciiradi tlio cnjj^sulc in tlio ‘'Ub‘'lnnco of tlio 
kulnc\ were -simil ^pllo^\ iiodtih’- ftoni 1 <o 2 nun (J/25 to 1/12 inpli) in dinni- 
oter quite solid and ensih sopnntod fioin (ho (is'^uo N\ lion one of those wns 
ernshod under a ooxcrjilass in a 20 poi cent solution of sodium h\dro\id a num- 
ber of hlastonncetos were found 'I lie iipht ktdnev coiiesponded to (ho loft oxcopt 
that the nodules de«cril»ed woie moie nuimious twiht him*: (onnted on the cut 
surface and honoath the eipsuh 'llu uietors weie normal 

The adrenals were nornnl except foi a few sniill \oIIow nodules which x\{ro 
=axed for histolonical cxaminitinii 'I he hladdoi was sniall the walls thickened 
and the trahccnlao jirnminnii 'I he mucosa of (he neck of the hladdrr and the pos 
tenor unthi i were reddemd and on pnssnio \eIlow pus < s( iped from the ducts 



Fig 3 — ^Thc right lung showing the thickcnrd pleuia (p!) and nunieious 
nodes (nd) and nodules (no) on the cut suifncc A small abscess (ah) was 
present between the pleuial lajers, and considciablo fibrosis existed about the 
larger bronchi (br) 

Ihe prostate w'as enlaiged and contained a fluctuating legion in the left 
lobe On section this lobe picsentcd a cential ncciotic mass, with lines of the 
same mateiial, or fine xvhito nodules ladiating to the capsule 'llie light lobe 
contained a few' small abscesses 'llic seminal vesicles wcie distended w'lth clcai 
brown fluid 'Jlic testicles wcie iti opine, the xasa dcfeicntia iioimal 

The hi am weighed 1,400 gm (3 pounds, ounces) No gioss lesions w'cie 
present externally On section, in the cortex on the left side, neai the middle 
of the sulcus between the paiietal and occipital lobes, a small abscess 2 mm 
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(1/12 inch) was exposed Blastomycetcs weie demonstrated in the pus in this 
abscess In the light heraispheie a small nodule was found in the tenipoial lobe, 
one in the paiietal lobe and two m the occipital lobe These ueie small, located 
in the coitex and usually at the maigin of the uhite matter In the light lobe 
of the cerebelllum there uas also a small nodule, and a second occuiied in the 
left lobe as a white nodulai mass uith central degeneiation fiom 1 to 4 mm 
(1/25 to 1/6 inch) in diametei , this second lesion extended fiom neai its intei 
nal surface to within % inch of the extreme lateral margin Blastom} eetey 
ueie also demonstiated in the neciotic material fiom this area The spinal cord 
externally and on section presented no gioss changes 



Fig 4 — Section of the sternum showing infection of the hone man o^^ , 
1, bone, 2, central Mne of necrosis. 3, light areas representing clumps of blastomi 
cetes, 4, peripheral border of unaffected marrow, 5, bony partitions winch are 
sometimes absorbed, allowing the infected areas to become confluent, thus form 
ing an abscess 

The lusto’ogical examination failed to Te\eal anj lesions char icteristic of 
blastomj cosis in the Iner, adrenal testes or vasa deferentia In the lungs there 
nere found all degrees of coalescence of focal lesions, some so minute that they 
nere httle more than single aheoli, others large districts with more or less 
necrosis of their centers As a rule they possessed the feature of blastomj cotic 
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noduhi legions oKewiitio in tho chmclci of Iho crilul.vi oMidiilc <;innt cells 
oijiainsnis etc 'llie fnn»i wiie \ei\ nlnind.nit In the tliukoned jihnrn co\er 
inp tlie right Inng the coevlled “iniliiu\ .ih‘-(e^‘.ei’' wiie coinpic-‘-ed and flat- 
tened out lutnten the Iner^ of flhroii'- li‘--ne In the spleen isolated orgiinsnis, 
some of them budding ^\ell OLoisionilh found in the sunisc-' at jioints ^\hcrc 
theie \vas ns \et no siirji of tissue i« iction at other jilaee-^ minute focal lesions 
had de\ eloped about tin in M in\ of the suheiit incons ahsec«ses po-sensod no 
einelopnig grainil ition Iivkuo especialh nns this true nhen the nail nas formed 
In stuped muscle In the coriuni the iiiflamnialor\ naiclion was much more pro 
nounced and e\ideiues of jnessnre wm ihiindant In some sootions the fungi in 
tho coiiiim weic so niimeions a- to Hvemhle roiighh fit ireis with the high 
powers of the miem-pope 

The lesions m the hniii were ](((elnir in the ahniidanl luciosis tin. ippcar- 
aiici of hands of hhroiis tissue httwiiii nljunit h sunis proh.ihh ilin to jiies..nr(, 
and lien m the iiigiilir hi/iiie giant cells which wcri relatiiih fiw ’Iho lin 
ing of the right hne(> jonii w,is coniertnl into graiiiil.it ion tissue K sfuihling in 
i generil w i\ the m irgins nt ill huge lesions oiguii'nis wen ])i(sent hnt not 
niimcions 'I he hone hsion.. ditreiial jierhaps most marhedK trom all the others 
in th<‘ comjiaratuih little reution of the tis-m nurosi^ Ik ing the pnslominant 
change (Tig 1 ) In tin jirost itc* tin* eh inge sonin d (onliind to the glands which 
HI the Kgiops iinolied wire more oi h 'S fh..lio\ed .ind (onieited into .ihsee-sos 
cont lining main orgiiiisni' 

linrlciiolonu I Tawmiiitnu — In ulditioii to the enUnres ohtnind during liie 
material was t ikeii it ne(ioiiH\ from the kin <> loint and the ahsu s..r!; of the sj)],('n 
pknrn and jirostate I’nie niltiins wne ohtiiind from the first three mentioned 
and a mixed ciiltiiro from the jirostati lln orgini'ins were demonstrated in 
smears of mateiinl t ik< n fioni tin nodules of the kidne\ uni the ahscesscs ni 
the brain and iih All the (iiltiiris ohtnimd finin ]nis and in'crotn material 
appealed to he sunilai, hnt tint oht iiin il from the blood shnwnl a few dilTer- 
ences A det iiled compiratne sfnd\ of lln-i n uii hided with that of oilier orgin 
isme 111 the general suminan 



A CASE OE SYSTEMIC BLASTOMYCOSIS 

T CHURCHILL, MD, and A M STOBER, MD 

CHICAGO 

Case XX (2) Histoiy J S, aged 39, a Polish laborer, Avas admitted May 
14, 1907, to the sen ice of Dr Ileinick with the following histoiy The patient 
states that his piesent tiouble began tlnee months ago mtli seveie pain in the 
light half of the head and face, most marked, however, ovei the malai pioiiii 
nence This continued vitliout i emission until a month ago, at Avliich time he 
began to expeiience pain in the right hip and knee The lattei became much 
swollen, and so painful that walking oi standing v as preA’'ented 

A week later, pain uas felt in the antenoi pait of the chest and in both 
shoulders, especially on inspiration oi movements of the shouldeis Ivo iveeks ago 
the left wrist became tender and swollen A slight cough, piesent since the onset, 
has been more marked during the last two months, with blood occasionally in the 
sputum The powei of sight in the light eye giadually diminished, and at present 
the patient cannot lecognize small objects a few feet distant Although the appe 
tite lem lined good he lost about 20 pounds He also states tint preiioiis to this 
illness he had been strong and health}' He is inaiiied and has five childien 
Veneieal infection is denied Foi the past foui years he vas engaged in the sciub 
bing and dusting of Pullman cais 

Examination — Ihe following points weie noted m the evaniinatioii The 
patient is of medium statin e, evtiemely emaciated and appears to snffei much 
pain even on slight movement Beneath the scalp, over the veitev of the skull, 
IS a tender fluctuating mass an inch in diametei The conjunctiva of the light 
eye is led and edematous Dulness is obtained by peicussion ovei the uppei lobe 
of the right lung antenoi ly, and ovei the angle of the scapula posterioily On 
auscultation tubular breath-sounds and bionchophony aie heaid over the apeA. in 
front, but no rMes aie piesent Ovei this dull aiea posteiioily the bieatli and 
voice sounds aie diminished, but a few subciepitant riles can be heaid The left 
lung appeals to be normal The lieait is lapid but no changes can be demonstiated 
Xothing of impoitance was found in connection vith the abdomen oi its visceia 

The right hip knee and sternoclavicular joints aie led, swollen and painful 
on motion Fluctuation can be obtained over the knee The light gieat toe is 
also swollen, and contains an abscess vhich has luptuied, discharging thick 
bloodstained pus Scattered lathei symmetiically ovei the body aie fouiteen 
deep and subcutaneous abscesses, varying in size fiom 1 to 5 cm in diameter 
These aie distiibuted as follows tliiee in each aim, two ovei the chest and 
abdomen and si\ in the lower extremities There are also pustular cutaneous 
lesions distiibuted on the right side of the nose, light cheek, left aim and both 
legs 

The tenipeiatuie on admission vas 101 F The subsequent course of the dis 
ease was chai acteiized bj moining lemissions of teniperatuie to 98 oi 99 F and 
eiening elevations to 101 oi 10’2 associated uith profuse sveats This continued 
until fhe last veek of illness vhen the tenipeiatuie became iiiegulai and did 
not legistei much ovei 100 F until the day of the patient’s death, June 20 Ihe 
pulse lariea between 90 and 120 beats pei minute until the last ten dais when 
it continued quite legulaily between 120 and 140 pei minute The lespiiations 
aieraged 26 pei minute, becoming somewhat moie rapid dining the height of the 
feiei On June 15 a sudden change in the patient’s condition was noted, the 
lespirations becoming labored using to 60 pei minute lie became cianotic and 
compl lined of pain in the cardiac legion, and foi the next fiio dars the icspiia 
tion ranged between 44 and 56 
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Up to tins tune tiic patient had nunifi*''(i d Init f( w s\ni]>tonis ( ovi^ii wn^ 
of me occunencc ind cxpecioiation wns so snntv that iinton il foi e\nim 
nation ^^as obtained \Mtli ditliculta Xo omaiiisiiis wcio found in tliat (\ainined. 
but tlun a\eic picscnl in tlie niiicus leinoNou fioin the hir\n\ at tlie u<ciops\ 
Xo tubeicle bacilli woio found I he ahs<«>.soi, imiensed in si/e and niinibei. and 
Mcae assocnted Mitli {licit pain espetialh on niotion \ nuinhei of Huso woie 
incised and thick hloodi pus was o\ at ua ted 

Diat/iiosis 'I ) catmint and Coinst — i lie diagnosis of l)histoniM osis was estali 
hshed dune 10 In the denionstiation of hlaslonuti It - in tin piis and tluii •'lowth 
on ciiltiiic nicdiuins Piioi to this llie jiatunt was i>i\en a piepaiation of non 
quiniii ind stixchnin ns a tonu and nioiphin '•'j {^laiii fioni one to foui times 
a daa foi the jiiin thi Tune 17 thiet dax- liefore chath he nas <;i\(ai potassniui 
lodid Ij giaiiis and toppta sulphitt* ’i gi.un thiLC tinus a dai witliout how 
exei am heneficial efTcct 

iho iiujoiilx of the ibsci'sis which wen iiuisid tontiuiuil to di'-chaige pro 
fuseh and in the jiiis of i ftnv of these tlu* oiganisnis tould not be found A iioti 
lolitue to in exaniinition in ide on liine 17 of Hie tondition •>{ Hu* i\(* is a« 
follows ‘ iho oonjuiutuae of tioth cms uie iiuu h tongtsted and a juiiulent 
diseliaino IS jnesont 'J la* toinci of tin* light is opujue tin pupil tlihited 
and iriegiilii and the iiis clouded and adheieiit in its nght lower iiuadrant 
'Ihe xcsstls hiding to this ngion iiic engorged llu'se lesults weie torioboraled 
b\ Ui 111 own Piisci 

Iwo ciusted ulcers weit pii'sent at this tinn* inei the lift tiibiow Hnte 
about the light shouldei two on the right knei* thni on the left kiue and two 
on the left buttock, in addition to the lesions descnbed preiioush, which had snue 
become ulceiatcd V imjoritx of thesi* piesinted tlu jiapilloinatous a])peiiniice 
chaiacteiistic of (utaiieoiis bhistonn costs 1( was noted Hint the ib'Ksscs which 
weie not opciud iiKiciscd in si/( , and ihe hft klue was also niiuh swollen and 
fluctuation could he deteiiniiud 

Both jugulai \cnis weie dilatid the left one nnasuiiiig an inch iii diuiiieter 
the light foiniing a glohulai iiiissoMi 2 iiichis m diainelii No pulsation could 
be detei mined, but the xeins becanu inmh distendul dining iiisjination The 
aici of canine duliicss was not iiuith enlaiged Ihe h(*ait sounds wne (disciiied 
bx the lapul lespir itioiis 'Ihe lungs piismited an iinpiiK'd icsoiiaiice in fmiit with 
dulncss to flatness behind On aiistultntion aiiteiioilx the breath sounds were 
hush in chaiactei ami a few coaise nlles (oiild lie heaid at the apex t)n the sides 
the bieatliiiig xvas tuhulai in chaiactei licconiiiig distant and indistimt {lOsteriorlx 
A niiinbci of itteinpts to obtain cultuies fioni the blood xxeie made without 
success, and an rstimatioii of the leukoextes made eailx in the coiiisc showed no 
incicase Xo notewoithx changis in the unne weie found 'Jhe jiatient died of 
exhaustion as picxioustx statcil, on .Turn 20, foiii months iflei the illness began 
Posf 1/oi/ciii /JicdimiKitioii — ^'llnough the couitesx of Di W II Iliintei, 
coioiioi’s ])hxsiciiii, the following data weie obtained 'Jhe bodx was cxtieiuelx 
emaciated and picscntcd the numeious cut.ineoiis lesions and the supeificial 'ind 
deep abscesses {nexiouslx descnbed 'Jhe lattei weie xtix extensixc and coiitaiiicd 
a thick vcllow’ 01 blown pus ’The xxalls xxcie made of adpicent tissues, and no 
lining mcinlnane could be obseix’ed, except in those eases m xxbich the abscesses 
bad been incised ind secondai> infection bad taken place 

An ibsccss 2 niches ni dianietii x\ is picscnt beneath the seal]), on Hie left side 
at the x'citex Tt conununicated with a legion of softening in the paiietal bone 
an inch in diametci inx'olxing almost its cntiie thickness An iiiegulai pei 
foiation, 8 nun in diainctei, existed in the innci table exposing the dm a matei, 
the suiface of which xxas loiigli and neciotic 

Ihe fust lib contained an abscess ueai its junction xxitli the stoimim The 
none lieie bad been destioycd, and an opening in the peiiosteum communicated 
with a collection of pus beneath the bulging skin Siiuilai abscesses xveie piesent 
in the thud, fifth and sixth iibs on the light side 'Ibe light knee {oint was much 
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enlarged and its synoiial cavity contained a laige quantity of pus, the eiucial 
ligaments nere destroyed, and slight eiosions existed at then points- of attach 
ment The aiticulai sui faces neie otheiwise smooth The left knee also con 
tamed a laige quantity of pus The left elbow was much swollen The olecianon 
had been fiaetuied, and the head of the ulna was completely disoiganized 
An abscess extended fiom this point into the foiearm along the ulna to the 
wrist The terminal phalanx of the right gieat toe had been destioyed, and 
erosion with abscess foi matron in the small bones of the left nrist was piesent 
Still anothei collection of pus was found over the steinum coniniunicating vith 
an abscess in the sternum The lattei occupied the gieatei poition of the light 






Pjg 1 — Right lung The infection heie vas so extensive that the lung vas 
almost solidified, and presented an appeal ance not unlike that of an oigaiuze 
pneumonia Blastomycotic nodules cm be seen with diffieultj, but the oiganisins 
weie verj numerous in the micioscopic sections 

half of the manubiium, and extended to the peiiosteum of the posteiioi sin face 
On section the infected bone about the abscess nas slightlj jellow, and consider 
ably softei than noimal 

The right ere shoved the changes noted in the examination made a fev dajs 
before death The tonsils vere enlaiged and the enpts contained a caseous 
material m vhich no blastomycetes veie found Hie cenical, mediastinal and 
peribi onchial Irinph nodes veie enliiged 
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Both plcui.il c 7 Mtics MCIC olililcntcd niitonoih Iin filuoii*? n(llic‘.ioii‘., ^\hlcll 
weie especnlh liuii it the apex (nglit) and opposite an !ih‘.ce«s in tlie thud 
rib Ihe tissues .ihout the apex weie <-o nnolied in the cK.itiical iiui'-s th.it tlic 
light jugiilai lein mis eoii'-ti icted \ho\e thi'' pond tlie Mas dilated to 

the extent that its luiiieii inci'-uied 1’^ iiuhes in diameter I’ostoiioih. on both 
sido^ the ehest eoiit mud a huge iiuoiiiil ol tuibid Hind and tlie ])hiiiai Meie 
coieiea Mith a thin fibrinous exuditc 

'Jhe right lung Mcighcd dbO gin m is quite firni ind did not eollipse flight 
crejiitition could bo old lined oier the gn.itei portion Ihe postiiioi ‘-inf ice m.is 
co\ere<l Mith a thick coit of fibiiii and uileiioih fibioiis (ag*- Miie jiresmt 'Jhe 
interlobii fissnies Mere obliterited On s«etion the iipja i lobe mus firm, ind 
dense uhite bands of coniicctiit tissue radnted fiom i (ie.it mill iigion lorn from 



J ijr 2 Pholonntiogi.ijdi of hi islonn totic abs(css(s of the piO'^t.itc gland 
«c noimal .icini, ah, ibscesses in nif(*tled aenn ■?/, iibioiiB stioiiia, hi, a small 
clump of blastomi cetoi 


the tlnid lib, to mIiicIi it Mas adheient 'Jhe niteivennig tissue M'.as quite solid 
and contained iciy little an Nuineious Binall Mhite nodules mcio scattcied 
throughout, ,ind .v fcM sin.ill ciscous aie.is MOie jncsont, the inatciial fioni Minch 
contained many hlastomieetcs 'Jhe middle and loMei lobes on section shoMod 
an increase of the inteilobnlai conncelne tissue 'J lie gic.atci pait of the lung 
M'as firm, smooth and tianslncent, Mith iiiegiilai mteivening legions of appaiently 
noimal lung, fioin Minch a fiothy fluid could bo cxpicssed No an M.as piesent 
in the solid poitions ^Many small Mhite nodules Meic scattcied thioiighont 
the lung (I'lg 1) 'ihe left lung M'cighed 700 gm , and picsented a small amount 
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of fibnn on its posteiior suiface It crepitated feebly tluoughout, and on sec 
tion the appeaiance ^^as snnilai to that of the middle lobe of the light lung 
The geneial appeaiance was that of an oiganwed pneumonia Ihe small 
bronchi neie filled nitli a thick puiulent mateiial in which blastomj cetes 
'iveie demonstrated The pericardial cavity contained 3 ounces of tuibid fluid 
ancl the lining membiane M'as slightly roughened Ihere uas a slight thickening 
of the mitral valves No lesions were visible in numerous sections of the 
musculatuie 

The stomach and intestines possessed no changes of importance, e\cept that 
Pej^er’s patches weie pigmented and reticulated The mesenteric lymph nodes weie 
consideiablj enlarged The Inei and kidneys Meie opaque and gray on cut sui 



Fig 3 — Photomicrognph of a fairly typical blastoni'^ cotic lesion of the lung 
ab, necrotic centei of a small node made up of no, confluent nodules, (il, alveoli, 
aid, aheolar nails 


faces Ihe spleen nas normal These viscera weie caiefull}' examined for 
blastomj cotic lesions, and a number were found in the kidneys The adrenals, 
bladder, testicles, pancreas, a as deferens and seminal ^eslcles nere noinial le 
prostate nas enlarged, and on section a small abscess 5 mm in diameter nas 
exposed in the lobe The glandular structuie of the left side shoved slight changes 
No nodules neie found in the left lobe of the ceiefaium, and the leraaindei 
of the brain nas not obtained for examination 

Anatomtcal Diagnosis — Serofibrinous pleuritis and pericarditis miliari 
blastomi cotic nodules of the lungs, pleurae and kldne^s, multiple bl istonn cotic 
abscesses of the lungs and prostate and the osseous, muscular and subcutaneous 
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tissuc‘5 blnstomycotic tiled s of llie skin, blnslointco^is of Ibc light etc ’ piiriiicnt 
bioiicbitis, pireiicln niatoiis clegoiid ntion of the kiclnctc and Inei , fibroid indiiia- 
tion of the lungs, fibrous pleiiiitis 

HtsioJogic Eraimvation — ^No ebangos of iinportanco wcic found in tbc sloin- 
acb, intestine niosenteiic or tiacbeobroncliial hnipli node« 'Jbo Inci was 
model atclv fath in sections of the spleen oocisioniil i»olntcd blastonn ccios 
weie found without clnngcs in the sni rounding ti«suo-> In some of tbc kidnet 
sections blastonn cotic abscesses the si/e of a low powti held (Obj in Ocular 
11 , Lcitr) occiiried in the coite\ and the iisualh ntliei abundant giant cells 
containing oiganisnis were scattcied about tlu ibscess 'iiaigins 'J be bent muscle 
cells weie atiopbied and on tbc epieiidiuni ind laneatli it tlie ebange- oidiniiih 
picsent in slight filirinous mil iiiim itions wde found nothing linwetir was found 
to indicate the esseiitialh bl istonn cotic nitiiie of the jtei ic iiditn = 



pjg 4 Pliotomicingia])b of a section of tbitkeiied jibiiiii ft, filuoiis tissiK' 
oh, small abscess foimitioiis i/f giint cells, u nieas of loiind cell infiltiation 


In sections fiom the steinum at some distaiiec fiom the abscess, the changes 
weie limited to the peiiosleum wliicli was tbukeiied iiid iindi i which weie col 


1 Owing to the fact that the lesions of the light etc clot eloped dining the 
couise of the illness, considciablc speeul.ition was moused as to its natiiie 
Unfoi tunately pei mission to i emote the o\c was not obtained 3 be eyeball was 
thciefoie lotated, a sterile punctuie made and a poition of tbc vitieous liuinoi 
removed From tins, a puic cultiiie of blastomt cotes was obtained In view of 
tins lesult the assumption that the lesion was one of metastatic blastomycosis 
IS pel baps not farfetched Suppoilnig tins new aio the facts that pain noted 
about the legion of tins eye and distuibance of vision, indicating its involvement, 
w'eie among the fiist symptoms 

2 See bacteiiological e\ammation 
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lections of paitially neciotic leukoc 3 tes and manj' oiganisnis The niaiiow 
appealed but little alteied 

In the sections of the cutaneous and subcutaneous lesions the changes in 
some weie much like those desciibed foi chionic blastomj'cotic deimatitis, to 
which tlieie weie added the extensive legions of destiuction pioduced bj^'the 
deepei Ijing suppuration, in othei sections the piocess nas moie limited to the 
subcutaneous tissues Except foi the piesenee of the focal lesions so chaiactei 
istic of this disease, which weie scatteied about the subcutaneous abscesses, the 
intlammatoi process possessed the featuies of almost any chionic suppuiation 

In the piostate the gieat numbei of oiganisms filling some of the acini nas 
indeed remaikable (Fig 2) The glands seemed dilated by the oiganisms alone 
Fiom such accumulations accompanied by little alteiation in the suiiounding 
gland tissue tlieie weie all degiees of change foi the extensive destiuction noted 
in the gloss examination Focal lesions, the minute blastomvcotic “abscesses” 
with then peiipheially located giant cells, weie conspicuouslv absent m the 
piostate sections examined The changes in the lungs (Fig 3) vaiied in the 
diffeient legions examined fiom iecentl 3 ' pioduced bi oiichopneumoma to latliei 
maiked fibiosis In both, as uell as in the gieatly thickened pleuia, the 
“abscesses” weie scatteied about, although in the plenia these disseminated lesions 
with oiganisms ueie flattened out between the dense masses of fibious tissue 
(Fig 4 ) 

Bactc) lologoy — Pine cultuies of blastoin 3 cetes w'eie obtained fiom the pus of 
laiious abscesses, fiom time to time duiiiig life At the post moiteni examination, 
medium was inoculated oi mateiial taken foi inoculation fiom the blood, bile, 
pleuial, peiicaidiil and peiitoneal fluids, the vitieous liiimoi of the light cie 
and pus fiom the knee lomt, and the abscesses of the neck and piostate gland 

Stieptococci weie giowui fiom the blood, pleuial and peiitoneal fluids and the 
pus of the knee joint The blastomvcetes wtic isolated cultnialh fiom the pen 
eaidial and pleuial fluids vitieous liuiiioi of the eye and the piostatic abscess 
The lesults of study of these oiganisms aie mentioned elsewdieie in this lepoit 
Ihc piesenee of the stieptococci was regal ded as the lesult of a teiniinal infection 
inasmuch as theie weie clinical manifestations of such a condition duiiiig the 
few da 3 's piioi to the patient’s death The failuie to lecoioi ain oiganisms 
cultuially fiom the pus of the neck and the knee joint would indicate possibly 
that with and wuthout secondary infection the blastomycetes may die oi dis 
appeal fiom the pus of the abscesses in wdneh thej had pieMOusly been 
demonstiated 

Thanks are heieby extended to Di Heinick, attending plijsieian, foi his per- 
mission to lepoit the case 
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C vsi XXI (3) — Ihstoiy — M C Italiiin 17 wa*' uliniltnl to tlu’ ConE 

V.OU 11 U llo'pital 20, 1007, to llio mi\k<* of l)i (loodkiiid with the fol- 

lowuip; histoi\ 111 -, illne‘'‘' he" ui (i\e month'' apo \\)th the ijipeai im e on the 
aiitenoi snifate of the niKldle of the H"hl thi"li of an ah‘<(i‘<-. whieh inptnied 
and dihcliaigod a thick fetid daik humn pu*- \ ])apillonialons tin‘'L foiined 
bub'^equenth at tlu ‘•ite of the ih-n -- lluie was at tlie sniie time a -in ill 
ihsce-s ncn thi- which hc'aled in .i few dm- Jwo month- Intel a hhaij) ‘'tab 
hill" pain occuiicd in the light knee Motion -omi became n-tinlcd and in two 
weeks 1 swilliii" of the joint appiaud J hi- gi idnalh intica'-c'd -o that in 
two iiioiith- the knee wa- twite it- laninal -i/e It lemaincd in tin- londition 
until the tune of hi- adim— ion to the ho-pit t1 One month aftci the on-et of 
the pun 111 the light knee the* lift kiu'e hci iiiu* -imiliiK iimdvc'd lint tlii' ii.iin 
and -welling weie le— -e\tie 1 he light inkle al-o hccinie allittc’d hut the 
inotess did not piogie— .iml it inc-int (the time of hi- admi— ion) -how- no 
-igii- of mil inim.it ion Maiked -welling ,hi oiiiji mieil h\ ji.iin ami teiideine — 
occniied -ntte--i\el\ 111 the lift inkle lioth e'lhowe leftwn-t ami the lu-t nu’ta 
c 11 poph il iiige il joint of the left hind A -mall jupnle dewiloped in the left eit 
blow one iiinnth ifte i the toiiiim ni e nient of the joint tionhie- .iml -inte then 
siniilai le-ion- hue apiie tied on otliei pait- of the face and held ( 1 ig 1 ) 

'Jhe patient w.i- hoin in It il\ and fiemi the age of 10 wa- engaged in haid 

manual lihoi on 1 faim 1 oni m.u- ago he eami to the Initeil St iti - iml ha- 

woikeel it inteiials is 111 m g m gi imlei and Iiolpei in 1 mathiiie -hop until the 

onset of the pie-int illne— lie* lued 111 tin* eoiige-ted liilnin di-tiiet on the 
west side of Chicigo and hi- li\ mg ejn.iitei- wiie nnlugienie in the ixtie'iiie 
Jilt looiiis theni-ihe- weie di\ it the time of him - t igat 1011 (-iinimei) hut the 
basement in wliiili the ilo-et- weie lot ate d wa- wet nml detonipo-mg feee- and 
wood wcic found in main jiliie- Ih- heailth had alw u- been good and he dinieel 
itiuieil infettion 'I he f iniih hi-toi\ w is nnimpoi taut tsti'jit that hi- fatliei 
died two tens ago aftei in illne>— of (wo month- eliiimg wliith time he toughed 
fieqneiith, often cNjiettoi ating hlooei 

Fust \(hnill(iu(c lo Hospital — When admitted to the ho-pital, on atcouiiL 
of the imiltiple aithiiti-, the di.ignosis of thionit 1 heniniiti-m was iimde 'Jhe 
coiiise of the elist i-e, howeiei, dining the siih-eejiicnt two nioiith- led to the 
considei atioii of tiilie itnlosis .iiiel sijihilis as jio-sililc explan.itions of the s\mp 
toms, and the Httci was faioitd hecan-t of 'in inteipietation given to the 
appeal aiice of the hones of a loentgenogiain of the hand 'Jhe subsequent 
deitlojmient of .111 ah-te-s beneath the scalp, and its ehaiactci istics icsenililiiig 
those eiitoiiiiteied in othei cases of bhistonn tosis, led to the o\ainiiiation of 
aspiiated pus and the discotci> of the oigam-ms 'Jhe patiemt now' was aneinic 
and eniaci.ited, seenied quite coinfoi (able and coinjilamed of jiaiii ami stifliiess 
of the joints The pulse w.is 108, temjieiatnie 101 S F , 1 esiiiiations 28 On 
the face wcie a nuinbei of small oval, indiii iteil jniijilish iilceis, then edges 
being faiilv legulai and lonnelotl maigiiis slojnng outw'aid to the skin aiouiid 
them 'Jhe haigest of these situated above the light eje and nieasuied C by 2Cf 
mm Othei similai lesions in vaiions stages of iinoliition w’eie pieseiit on the 
back of the nock, scil]), aims, thighs and left ankle An oval “iieepapei” scai 
was pieseiit on the iippei pait of the light tliigli, and below' this a fistulous 
opening dischaiged bloody pus It avas siiiioiinded by an oval aioa of indolent 
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granulation tissue and lepresented tlie site of luptiire of the first abscess which 
appealed Beneath the scalp thiee small abscesses ueie found, one of these uas 
moie deeply situated and seemed to be connected with the hone 

-The eyes, eais, nose and neck iveie noimal The chest was negative on inspec 
tion except over the tenth nb in the posteiioi axillaii line on the left side, 
where there was a soft lounded swelling the size of a hazelnut, and evidentlv 
attached to the iib Resonance was impaiied oiei both apices in fiont and 




Fig 1— M C, photogiaphed a few davs befoie death Note the cutaneous 
lesions on the left cheek and light ]iand, the siiollen and ulceiated con i ion o 
the left elbow, and the maiked swelling of the knees 


behind The respiiatoii murmui was roughened and expiration prolonged No 
riles weie heaid aniwheie Posteiiorly below the left 

impaired and the loice and bi eath sounds shghth diminished A faint sisto c 
Zi^i oier the pulmonic aiea and a slight enlaigement of the liver we e he 
r” aRerations in^he furthei examination of the chest, abdomen and genitalia 
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The imi‘5clos of Ihe ovticmilios A\crc atiophicd Both elbows, tlie right wnsl, 
both knees and the left ankle weie swollen and tcndei. and motion was lostncted 
and painful Theic weie in tlie light Iniid two small abscesses in^ohiiig the 
fust metacaipophal'ingcal loint and the middle phnhinv of the fonith fingci A 
sinus on the palmai sui face of the fouilh fiiigei tonimunicati d with the last- 
named abscess and discnaiged a thick blown pus '1 he left wiist was tendei and 
evtending fiom an abscess in the hist met le ii iiophalange il lOint weic two 
sinuses one doisil and one palinii each diseluiiging a thick collow ])us 

Theie woie no distuibances lofeiable to the nonous s\slom 'J he snpei 
ficial ceiMcal and epitiochlcai hniidi nodes weie slighth enlaiged 

Ihe uiine was ambei clear acid in leiction sppdfie glaMl^ 1 OIS and con- 
tained no albumin sugai oi casts Xo blastonu cites wiie found in the uiine 
obtained aftei massnge of the jiio-tile B\ainination of tlie feces failed to show 
am thing of impoitance 

The blood cont uned *18(10 000 ud etlls pei cubic milliinctei 0 000 white 
cells and Go pci cent luinoglobin (\on I'lfi-chl) \ sinned spei imcn showed 
slight poikiloca to«is lint no nuchated led tells 'Ihe dilTeuntial wliiti count w is 
as follows pohnioi phonncli ai mnliojihils ]iei cent small l\mphoc\tes '12 
pei cent laige 1\ inphocc tes 11 pei cent , eosinophils 2 ]•( i tent No culliiic- 
weie obtained fioin the blood in seceial atteinpls 

Ihe couice of tbe disease was slow iiid milked b\ se\<ial lenii'—ions and 
exaccibations Ihe pulse langed fioiii SO to 120. the temiiciatiiie was highest 
111 the e\ening and caned between OS and 100 0 1" After June 22, when the di ig 
nosi« was established the jiitKiit was gnen incieasing doses of polassmin lodid, 
tonics and fiO'-h ni tieatinent and lapidh nnpiocod 'J he pain in flu loints 
disappeaiod and he left the hospit il .Tiih S ind lesnmed Im occnpition oigan 
giindei 

Second idmtdancc io Ilotpiial — Men dns hitei he letnined to the hosjnlal 
with a maiked aggiacation of all hn joint s\mptoms lie coughed much e\pec 
toiating slight amounts of mucoid miteiiil and sutTeied gnath fioni pnii in 
the joints, the pulse wa-- 81, tenipdiluie 1008, lespiiations 21 M'he right 
ankle which was noinial picnoiish was swollen and tendei, and two new 
abscesses had apiieiicd on the ulnai side of tbe light wiist and on the tii«nl 
suifacc of the left wiist extending into the hand 

Mhe phc«icil signs in the lungs wcie iiBo inoie juonouiiced, but no lAles weie 
heaid Administiation of ])Otassiuni lodid was K'.nmed with no impioccmont 
foi about eight dacs Mam new absce-ses ajipeaied siiccessnelc on the hands 
and feet, and the tcmpeiatuie langed up to lOMM F Copjici sulidiate was now 
gnen intcinallj in Vi giaiii doses thiec time-> a dm and the hands and feet, in 
w'hich weie manj dischaiging abscesses weie diessed with hot 0 6 jiei cent solu 
tioii of copper sulphate Mhe patient again iinpioced, the cough subsided, the 
abscesses healed and the joints bee line le«s jminful 

Eepcated examinations of the sputum weie made foi the tnbeicle bacillus and 
blastomj cctes with ncgaticc icsults until August 5, when budding blastoim cctca 
were found M’he impiOMinent continued and the patient gained in weight 
and stiength Mhe tempciatuic did not use above 00 F aftei August 11 All 
the fistulas closed and he loft the hospital August 17 in good condition, thcic 
being only slight limitation of motion in the elbows and knees At the time of 
discharge 150 giains of potassium lodul tliice limes a day and giain of cop 
pei sulphate thicc times a day weie being given 

Thtnl Admitiancc io JJospiial — The patient again applied foi admission to 
the hospital Dec 12, 1907, and was assigned to the scnicc of Di Mix and aftei - 
ward tiansfeired to the suigical seivice of Di Byeison Dining the second 
furlough of foui months he suffeied nianj' liaidships Tic had taken no medi- 
cine, and had tiicd to letuin to Italy, but the officials at New Yoik refused 
him passage and he was forced to sell pa pei s on the stieets in ordei to obtain 
food He enteied the hospital much emaciated and in a veiy w'oak condition, 
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with an e\aeeibation of all his old lesions and some new ones Ihe pulse ranf^ed 
flora 90 to 130, teinpeiatuie 98 6 to 103 6 P, lespiiations 22 to 30 Theie was 
a geneial adenopatlij, especially noticeable in the a\illaiy, ceivical and inguinal 
legions Ldige abscesses involving both knees, wwists, elbows and ankles'^ weie 
present, the one about the right knee being veiy laige and fluctuating and extend 
ing half way up the thigh The others had ruptuied and discharged a thick 
}ellow pus He sutFeied exciuciating pam on movement of any of these joints 
The ulceis of the skin w'eie laiger, and new lesions weie piesent on the hp and 
the back of the neck Impaiied lesomnce and liaisli bieathing obtained ovei the 
apices of both lungs 

Inei easing doses of potassium lodid and a nutritious diet weie again adminis 
teied, but the patient became w^eakei despite treatment and died Jan 16, 1908 

Earlj in the couise of the disease. Bier’s passne congestion tieatment was 
used, but it seemed to do little good As soon as the patient w-as able to leaae 
his bed he spent nine hours it day in the sunshine and open an 



Pig 2- — -Aiticulai sui faces of left knee it, eioded suiface of head of tibia, 
fc, low'ei end of femui on wdiich only a portion of the articulii cartilage remains, 
pa, patella, in avhicli are two abscesses, the openings of wdiich are exposed, 
I, aiticular ligaments winch avere so disoiganized that subluxation occuried 

Keciopsi / — A postmoitem examination (Dr Stober) was held two dais after 
death and the following is the anatomical diagnosis indurated blastomvcotic 
bi onebopneumonia of the left lung blastomj cosis of bones, subcutaneous and 
cutaneous tisues pons Vaiioli inguinal and axillaij'^ limph-nodes, acute lege 
tatne mitral endocaiditis fatty liver, paienclnmatous degeneration of the kid 
neis, fibious pleuiitis, lijpeiplasia of the Ijmphoid tissue of the ileum, edema 
of the lungs, Indiopeiieaidiuni, atiophv of the herrt, pancreas and testicles, 
emaciation and anemia 

The body is that of an extiemelj emaciated joung man numerous 
cutaneous lesions abscesses and fistulas aie piesent, the mijoiity of which bare 
been desciibed in the clinical lepoit Both knees are markedlr swollen and the 
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skin co\enng thorn contains sc\cnl nlctis and diechaiging fistulas A postonoi 
suhluxation has occuiicd in the light knee mid the snino miiditioii can he pio 
dnccd 111 the loft knee 'Jhc joint caMtios contain a Inigo ninount of hloodi ])us, 
the pciiaiticiilai tissues aic disoig,ini/ed, the liganients drstioiod and the 
cutilages hn\e dis.ippeaicd exposing the lougli gianulai surfaeo of the hones 
(Tig 2 ) About those joints laigc ooniiiiuiiif ating abscesses exist, the one ahoie 
the left knee extends the nhole length of the thigh and eontaiiis noaih a f)uait 
of pus Aiiothei ahoie the right knee i- about half as huge Discharging abscesses 
iinohing the elbows iiid the small lioiies of the feet aie also jiiesent 'J he aiticii- 
hi stiiictuies of the bittei Inne been piatlicalh distioied 'J here aie aliscesses 
coniimiiHcating with the hiiipli nodi s m both gioiiis and in the light axilli 'J lie 
hniph nodes of the lift axilla aie tnliiged and junk on section 

'J ho pleiii il cTMtics tontain about 2 oiiiiiis of n dear lellow fluid, with 
slight libioiis adlii sions about the ijuces and also to tin diajihingin on tin left 
side 'the pel itai dial caMt\ tonlaiiis I ouiifes of a deai M'IIow tliiid 

Jlio lungs weigh (>20 gin Both cuiutate fieeh iiid do not lolhipsi '1 hi 
left lung on stction is mottled light gun and on luessuie exiiih s a slight aiiiouiif 
of fiotln tliiid In tin (xtienie lowei inaigin of the lowii lolie and exteinalU 
IS ,1 legion of indiii itioii imighU "» b\ 1 iiii in di inn tei sonnwhat eiicular in 
outline ii'd diucted tow iid the loot of (be lung when it is lontiiiuous with 
a siinilaiU iiiduiated tissue bihind tin niaiii biomhiis m wbuli (heie me se\iral 
\cllow unions of luaiosis (lig 1) 'I lie pleuiai oveihuig the consolidated lung 
tissue next tin divphuigiii is thukiued mid binds the lung to tlial slnutuie 'I be 
lung bineatli coiitiiiis iiuiiieious smill blood \essels nnl bioiiibi sunoiinded b\ 
tiiiii tissue lienih pigiueiilid with coal dust 1 be ])incaidiuiu is geueialK adbei- 
eiit to tliL left lung 'J lie loiiiuiinlei of Ibis lung as well iis (lie nglit lung is 
unclimiged 'ilic tiaclieo bioiidinl hiupliinnhs eonfaiii biigi aiiioiiiits of coal 
pigment mid aie shghth iiilmgial 

'Ihetoimue is uoimal 'J lii tonsils au sunll and fioni then inpts a pninlent 
mateiial is expiessed J lie osoph igiis u saiootb the tiiului iiid biniix me 
sliglitU In polemic iiid contain mm opus 

J be bent weighs 2(0 giii 'I he piiluiouan liidispnl ami aoitic \al\es iii 
iioiiuai Jlie miti il \al\c is tliickeiied ami on (In i dge of bolli iiisps me hue 
wutc cogetalioiis (be laigist of wiiuli meiisuies 1 mm iii lieiglit 'J lie lieait 
muscle IS pile the left uiilnilt wall iiu isuie- mm iii tliiikiies',, (be light 
2 mm 'Jlic aoita and coioiiaiv ce^sds aie iioimil 'J lie Inei weighs 1,(00 gm 
Its suifiice shows the im])iiiit of the ubs On sutiou (lie tissue appiais some 
wli.it opaque .iml light cdlow 'J lie splci n wnglis 200 gm Its capsule is 
tliickoiicd, its consistiMicc (iiiii, the cut sictioii in own iiid tlieio ii au iiiciease 
111 the coiiiiectuc tissue Ao micioscopic mnlulis an pieseut 

'I lie bi.uii wiiglis 1 (>00 gm Tt is iioimal ixteinalK In numcious sections 
one blastonn cotic nodiilc is found in the ])ons a few millimeteis below the ^eIltlal 
snif ice 

'I he kidiie\s weigh 280 gm On section the kidiiec substance bulges, it is 
a giajisb jellow , the coitex is iiici cased iii lliickness ami tlic capsule stiips 
icadilj, losMiig a smooth siiiface 

'I be testicles me small, and sections expose an iiitiease in connectnc tissue 
llie bladdci is small and contains a small amount of tuibid mine 'J lie iiigac mo 
fanlv piominciit, the posteiioi iiietlna is congested and slightly giamilai Ihe 
piostate and seminal ccsiclcs aie noimal 'I lie jiincieas is Inin and small 'Ibe 
mucous membianc of the stomach is thin, ,ind small eccbymoscs aio pieseiit about 
the pyloiic legioii 'ibe intestines me noimal 

The left leg was amputated Ibioiigli the tbigli foi a iiioie detailed exami- 
nation A small opening into the knee loint fioin an abscess in the internal 
condyle was found, as well as seveial small legions of softening in the cancel 
Ions bone of the patella 'Ibe abscess in tlio condjlc w'as 3 cm in diametei 
and the passage into the joint one thud as laigc The bone about the 



580 THE ARGRIVES OF IKTERXAL MEDIGIKE 

abscess as well as that ]ust beneath the aiticulai eaitilages of both tibia and 
feniui was soft and diffusely yellow, on ciushing a semipuiulent fluid was 
obtained (Fig 4) On the antero inteinal suiface of the tibia at the junction 
of the uppei and middle thuds an opening 5 mm in diameter was found passing 
tliiough a laised bony and shell like peiiosteum undei which was a small 
abscess not connected Mith the maiiow cavity 'ihe epiphyses of the lonei end 





t - 


Fig 3 — Section tliiough the lonei lobe of left lung fi, fibroid aiea lepre 
senting healing blastomj^cotic lesions, pi, thickened plenia adherent to tie 
diaphragm 

of the tibia and fibula also contained small lellon softened regions coniniuni 
eating with abscesses ovei both malleoli 11111011 had iiiptiired eiternally (Fig 5), 
the one over the ei-ternal malleolns continuous with an abscess extending beneat 1 
the Achilles tendon Occiipjing the greatei part of the dorsnm of the foot nas 
a sharply denial cated region of necrosis, and the tissues bordering this veie 




Fig 4 — A longiliiclnial section of Die lift kiue joint ft, lowei end of fenmi , 
U, uppei end of tibia, cp, opipliyscal line, ;s, oioded joint sui faces, the light 
coloi of the adjacent hone lepiescnts tlie extent of tlie blastoinjcotic piocess, 
pe, healed peiiostitis, ah, abscess in epiphysis mIhcIi comnninicatcd i\ith the joint 



582 


THE ARCHIVES OF INTERNAL MEDICINE 


without evidenco of leaetion In this region the unchanged evtensoi tendons 
lay bare, and beneath ^\e^e the fiagments resulting from the disoi ganization of 
several of the taisal and poitions of the metatarsal hones (Fig 6) In the pus 
of the joint cavities, bone abscesses and adjacent soft cancellous niariow weie 
to be found many round and budding blastomycetes, ^ome of which possessed 
capsules of unusual thickness 




Nil 

If* i ! 












Fig 5 — Longitudinal section tliiough tibia (<i) and fibula (/<) uith abscesses 
(at) in the epiphj'ses 

Histology — In sections of the indurated region in the left lung, compressed 
and distorted bronchi veie found surrounded by masses of ad\entitious fibrous 
tissue one of these bronchi contained enormous numbeis of blastomicetes 
Seieral of the minute so called abscesses with organisms and tlie otliei fea tines 
of such bl istomAcotic local lesions were scattered about in this fihious tissue Ihe 
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otliei nlloiatioiis \\cic those connnonh encomiteicd about regions of cliionic 
disease in the lung> 

'Jlie cbnnges in tlie liones weie of spcci.il inteiesl on nceoiint of tlie c\tensi\e 
ivcciosis Scction‘' wore studied fioin the nliscessos m tiio patella, filiula, femur 
and tibia, and the alteintions \\<‘re quite sunilai 'J lie centeis of small abscesses 
and the tissue iiem tlie sui faces of such ns had dicchaigc’d fheir contents woic 
undo up of disoigaiii/c*d and neeiotic bone leiikocites nnd led cells In the sec 
tions iioni the \elloM .iiid stiff eiiueltoiis bone beneith the aiticiil.ii caitilages 



I'lg 0 — L Icei .itioiis coiniminit.itiiig with hhistonn cotic abseesses in the inela 
taisus (me) and external iii.illeoliis (c»i) aSIuscIcs, boncb and tendons have 
been exposed 


tbeie w’as a diffuse neeiosis foi the deptli indicated in the gioss desciiption, a 
neciosis evidently due to the i.itliei legiilai extension into the liead of the bone 
of tlie blastomycosis of the joint Ihis diffuse neciosis w'as difficult to explain 
by the coalescence of local lesions In some sections /ones of luononucleai leuko 
ejtcs suiiounded the ncciotic tissue, but no evidences of gianulntion tissue about 
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these ^Yas found, and oiganisnis oeciuicd outfcide the lesions in the cavities of 
the marrow uhere but little change had taken place Histological changes in 
accoid with the gioss dcsciiption, both indicating the foiniation of new bone fioni 
the cambium, weie found in the shell like but peif mated and impeifect outer 
wall of the abscess on the inner suifaee of the uppei pait of the tibia 

In the inguinal lymph nodes not onlj' weie focal lesions piesent such as have 
been lepeatedly descnbed in the tiacheobionehial Ijmipli nodes, but also peiiplieial 
lymph sinuses weie found ciowded with oiganisms, endently in the curient since 
the adjacent tissues weie without alteiations In the spleen, too, oiganisnis 
iveie found, at one point a clump of fifteen oi tuenty, at anothei, budding foinis 
and about them no evidences of tissue leaction The lesion of the pons, 3 nun 
fi om the A'cnti al sui face and appi oximately 1 5 mm in dianietei , contained 
numerous oiganisms and was apparently foinicd by the coalescence of nioie niiniite 
local lesions The changes in sections of otbei tissues and oigans confoimed to 
the anatomic diagnosis 

Bacte'i'iology — The Staphylococcus albtts and aiacus weie recoveied fiom the 
blood, pleuial fluid, bile and pus fioin the abscesses of the knee joints, left 
inguinal and light axillary legions Blastoinycetes weie demonstrated in the 
pus of the abscesses mentioned as uell as in the neeiotic inateiial fiom nunieious 
bone lesions, but ueie not obtained in eultuie The failuie to cultivate these 
oiganisms fiom mateiial yielding cultuies dining life is not an infiequent post 
moitem occuiience 

This lepoit IS of moie than oidinary inteiest on account of the inipiovement 
which oecuired dining the fiist tuo peiiods in the hospital, and also because of the 
existence of relatively slight blastomycosis in the lungs at the time of death the 
oiganisms liaiing disappeaied fiom the sputum some time pieviously and coiiici 
dentally with the fewei evidences of pulnionaiy alteiation on physical exami 
nation — and the veiy extensive involvement of the siibeutaiieous tissues, bones 
and joints 



A CASE OF SYSTEMIC BLASTOMYCOSIS 
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cntcuio 

Casf XXII (4) — I/i‘><o)t/ — 'Jiip p-vljcnl C 'I S, cnltrcd the took Couiilj 
IlO'jpitnl ?^In^ S in07. to the eenite of l)i lUcr'^on lie coinphincd at the 
time of d\';pnea ]).un in the njilit ‘•ide of (he client, occa«toiiil nipht Bneit‘' 
chillB and fc\ci lli'- inilit ankle A\a‘' piinful ind ‘swollen and on the faeo and 
left 'iule of the ahdonien nui cnlantouK le-mn^ whnh hi** jilneicivn had dnj: 
noBtd and tieited i'' Injnis Ihe lu-( of tlu'-e to ouui \\a‘. a ‘'inill papule o\ei 
the ele^enth iih on the lift ‘•ide di-co\ii(d i< » identalh in Deieinhii I'tOti 
wink '•ti itehnif; hi*- loch Jhi- nUeiated and <;i idlialK intici‘-ed in ^i/e until 
Alaich 1H07 it wliith tune it nit I'-uml an mill in <li inietei ind w ib tu ited 
as liipiK without heiielit A -iniil ii le-ion tle\i‘lo)ied on (he left bidi of (ho 
chill iftti the toj) of a ‘•niill pai»iih w ik int o(T diniii;: AuiMiifr A ‘■hoit time 
latci another Ic'-ioii opcniud o\<i (he left i\c follownif; the ‘•i i itchiii" of whit 
the piticiit thought wa« in in^itthiti In finnan l‘t07 lu Imt notircd iii^ht 
«W(at« iiid ‘•CM'ial nioiilh'- Inti i a coiiffli a-'-oi i iteil with Idooih e\pi ctoiatiom 
In lolnnm he went to tikin-i" and while th< U‘ '•iilhieil fioni ihilk and ftnei, 
which weie lelicied h\ tininin \t (Im tinu he iko notned a t«nderne«‘' of (lit 
ii^iht c\teiiial inilleoln- whnh latti hitniie jiaiiifnl ami ^wolhii tniiethei with 
an ah-ces« of the In el i umn'r i ttnawnnr pain at ni^ht and come coi cnees wlun 
the Innh was fust neid m the inoiiiin*' 

'Jho jialnnt had hien i chik foi thiu Min Hn jniiioiie illmsecs wtie 
imimiioitint lli- fathci died ol fiislin (luinoma at (In ajn of I'l 1 lom Mi\ 
to Xovcmhci I'lOii he wne entia^t'd in died”infr diiiinj' which time he slejit in 
i cihiiihoit whnh ho etnttd w n ijiute dump it tinu' Diiiiii" Inin iinl Tiih 
he slept with 1 man who was sutTeimj; fiom what he thoii<’ht was coiisiiniption 

Jhajuiiifiltoit — At the tunc of admie'-ion the ])atnn1 was jinoih diiilojicd 
coiisideiahh eiinciitid ainl \ei\ aiiciiiic (instid Itsmui weit jntsml .ihoie 
the left ecc on the left sid(> of the chin ami on the lift '■ide of (In' ahdomcn and 
thcic weie soft llnctnatin<r ahstes is on the left ^nh of the neck and o\ei the 
iiglil cxleinal malleolus, (lie kittei qiiitt itd ind \ei\ ji’iinfnl on picssnie 
Examination of the lnn”s demon‘'ti.i(ed dnlin'-s on jieu iissnin o\ei (he iijilit 
uppei lobe, incieisctl tiansniission of whisju'ietl anil spoken ^ one sounds aim 
mimeioiis small miicons lAhs Xo dnlness ulitained oii'i (he lemaindoi of 

the light lung oi o\ei the kft lung I'xpmitioii hiiwe\ii w is pinlonged, and 
the In oath sounds somewhat hush in chaiaitei A fiw moist lAles weie hcaid 
o\ci both hises 'Jlie heiil aitiim wa- stioiig anil foicible, with acceiiliiation 
of the aoilic and pnlmoiiaii second sounds 'J lie Inci extended one lingei’s 
hieadth below the costil aieli the spkeo was not jnlpahlc 'Ihe iiiino w is noi 
nial, Ba\e foi an occasional ha iliiie cast 'Ihe temjiciatnio on the daa aflci admis 
Sion was 100 F , piils(> 70 , jesjnialions 22 On Maa 10 Di Kaeison made an 
incision into the swelling oaei the light external mallooliis and consuleiablc pus 
a\as eaaciialed Extending thiough the pciiostenin to the epiphasis of the fibula 
a small emus a\as found aihich fiom its ippeuince a\as consideied tiibei cnloiis 
It avas enlaigod, the ciaita eniotted saiahhid with liiictnio of lodiii, and closed 
aaiUi a small diain 'Ihe ihscess in the neck aaas also cuiotted and the logion 
of supposed hipiis on the side excised 'flic aa'ouiKls closed ha' fust intention, but 
infection in the exteinal malleolus appealed scveial months latci On May 14 
four days aftei the opeiation, a swelling appealed on the left side of the face and 
piofusc night saa'eats occnired Pain aaas felt in the light foot, especially at night. 
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and a week latei the patient expeiienced shaip, seieie pain ovei tlie lowei pait 
of light chest, this nas inci eased by inspiiation and continued foi fom days 
Ihe next few days he complained hitteily of pain in both ankles and the light 
wrist, and Biei’s passive hypeiemia tieatnient vas tiied foi some time without, 
however, producing much benefit On June 7, a fluctuating swelling appealed in 
the light foiearm, and the patient complained of pain in the back between the 
shoulders 



Fig 1 — Eight lung, Case 22, ht , bionchiectatic cavity in uppei lobe vhicli 
lias undeigone fibiosis, mn miliary blastonr\ cotic nodules in lowei lobe, p , 
thickened pleuia in which nodules weie also piesent 


Ticaiment and Coinse — Up to this time the disease had been consideied to 
be geiieialired tubeiculosis lion, quinin and strjchiiin had been administeicd ns 
tonics, and othei lemedies as indicated foi the pain and insommia Because a 
viscid blood^ pus obtained on June 11 from an abscess ovei the left tibia possessed 
the chaiacteiisties of pus fiom the blastomj cotic abscesses in othei cases it was 
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(>\aimnc(l wiUi the ic'^iiU that mnneious hlnstonn totes woie found Suh-^cquenth 
these oigaiusins 'VAeic tuHnated in pnio cnlluie fioin Aunojis ahsco‘'Scs l-iom 
this tune potissiuni lodid 00 giains, and lucicuiial inuiutions, 1 duun, \\e)e 
gnen dal)^ A montli latci the hum cut ^ u.ts dt'-cont tuned and Vt gtattt of 
coppei sulphate uas gt\on thtee tiiues a da^ Duiutg tlic ne\l two utontha the 
disease was ntttked hv ptogtessi\e weakness (uiaeiatioii and jtain in the affected 
paits espectalI^ in the knee and ankle joints '1 ho ))aiii was quite toiislaiil 
and so settle that huge doses of codetn and 1 tlei of iiioiphin weie Kqiiiied foi 
its leliof 'the tciiijteiatnic tanged quite legttlaiU la tween ')') F tit the itioin 
iitg and 102 in the eteniitg Oecasional sweats weie noted '1 he pulse taind 
fioin SO to 110 belts per ininnte the lespiiations fioni 20 to 20 'lowaid the 
end the pitient was quite iiiitihh and it times nfnsid holli food and medn me 



Fig 2 — Ktght kidiitt, Cast 22, to, coiti\ pi/, jiMaintd, 7’, jichis, ah, 
blastonn colic abscesses 


On Scptentbti 14, thiee days befoie death, five ttjiital iileeis weie piescnt on 
the face Fistulas coniniunicattng with .tbscesses csisted ovei the left mastoid, 
111 both foieaims, the left thumb, the innei pait of the left thigh, in botli knees 
the tibiae, ankles and dorsal sin faces of the feet Othei abscesses wetc piesent 
ovei the veitcv and the occiput, steinum, clavicle, sixtli iib, knee, heel, ankle, 
innti side of thigh and middle of leg — all on the light side, on the left side 
othei ahsec«sc8 w’eie piesent ovei the heel and exteiiial aspect of the leg Owo 
laigc confluent fluctuating legions extended fioin the seventh ceivical to tlie fiist 
lumbai vcitebi le Both knees w'cie swollen, fluctuating and tendei Geneial 
adenopathy w is piesent and emaciation oxtieme 'i lie otliei altciaiions noted 
pieviously liad changed hut little 'ihe patiiiit became dehiioiis a few' dais 
hefoie death, wdiich oeciinod Sept 17 1007 
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Fee, opsy —Pel mission for a post mm tern examination was oUained tno dais 
aftei death and the following conditions found Anatomical Diagnosis Healin" 
and discharging hlastonp cotic abscesses and ulcers of the skin, blastomrcotie 
abscesses of the bones and muscles, blastomjcosis of the lungs, peribronchial 
lymph nodes, livei, spleen, panel eas, kidnej’s, ceiebrum and cerebellum, sevo 
tibrmous and fibrous iileuritis, paienchymatous nephritis, chronic splenitis, 
hypciplasia of the mesenteiic lymph nodes, pigmentation of Peyer’s patches’ 
fenestiation of the Thebesian and aoitic valves, patent foiamen ovale, decubita’l 
ulcers, emaciation 



Fig 3 — Lover end of femui which was invohed in a suppuiative 'iithiitis 
ah, abscess in epi 23 hysis which comnnimcated with the joint, ca, eioded aiticuHr 
cartilages 


Both pleuial caiities weie partially obliteiated bv fibioiis adhesions and con 
tamed a consideiable amount of slightly turbid fluid posteiioily The pleural 
layeis enclosing this fluid weie coieicd hi a thin deposit of fibrin Beneath the 
pleuiae of the lungs were a laige numbei of miliary nodules feeling like shot 
The left lung weighed OflO gm did not collapse, ciepitated throughout, and small 
nodules were felt in its substance The pleura of the lower lobe possessed niimer 
ous fibicus and fibiinous tags On section the lung was browmish red and on 
piessiire exuded a large amount of fiothv led fluid Mam miliarv nodules weie 
disseminated thioughout the lung At the apex beneath the pleura (torn 



Fig 4 — Longitudinal section of ffimii shown in Figuic 3 ah, abscess in the 
epiphysiSj tn, infected aiea, tlie sliape of which suggests infaietion, ca, eioded 
aiticuLu caitiHges 
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m lemoval) ^^ele a iiumbei of small nodes fiora 1 to 15 cm in diametei, 
exuding a puiulent fluid on piessure The light lung neighed 800 gm The upper 
lobe was small, film and coieied with a thick fibioiis pleuia almost cai tilagiiioiis 
in consistence It contained iiianj’’ solid yellow legions enclosed by i adiating'bands 
of fibious tissue, fiom nliicli a light yellow purulent mateiial was easily expiessed 
In the mam bionclius of this lung a small opening nas found leading into a fistu 
lous passage nhicli extended foi a distance of 6 cm and teiminated in a small 
cavity in the uppei lobe The cavity nas niegular, about an inch in diametei 
and communicated with a small bronchus Examination of the middle and 
lowei lobes levealed conditions similai to those in the opposite lung (Fig 1) 
The peiicaidium xias normal In the heait were found a patent foiamen 
ovale and fenestiations of the Thebesian and aoitic valves, the othei xalves neie 



Fig 5 — Photoniici ogi apli of a blastomycotic abscess of the kidiiei ti(, kidney 
tubules, qI, glomerulus, (ib, small abscesses uhieli have become confluent 


normal The mj’oeaidium was pale, but no nodules xieie found in a caieful 
examination 

Tlie pharynx tonsils laijnx, tiacnea, and thyroid gland piesented no impor 
taut changes The anteiioi poition of the tongue on the left side vas some 
uhat suollen and its suiface was louglily gi inular The peiibionchial and 
aoitic Ijmpli nodes ueie enlarged and pigmented and contained a numbei of 
yellow nodules 

The peritoneum uas smooth uid slum Ihe inesenteiic lymph nodes ueic 
enlaiged but contained no nodules Ihe Inei (1 380 gm ) uas smooth and daik 
led The cut suiface uas mottled and attei haidening, tliiee xen small nodules 
ueie found in the inteiioi aftei consideiable seaich Ihe spleen weighed 170 gm , 
uas quite him and had a thickened capsule and tiabeciilae Eight small blastomx- 
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colic nodules ueic found in it's sulMnnco Ihoie wn"; a ■flight atiopln of llie 
idicnals and pancioas and in the lattei a sinall bln<;tonn colic nodule was found 
Ihe gall bladdei and bile ducts Moie noiinai 'iiic ‘^toinacb was small, its walls 
weie tliickoned aiid tbe imicous inoinbiano dnik gia\ and co\eicd with tenacious 
mucus Xo cliaiiges weie noted in tbe intestines, except pignientation of I’ecci's 
patches 

Ihe kidnecs weie enliiged and except foi a depiesi-ed seal on the suifate 
of the light kidnec the same de«cnption applies to both On section the coitex 
was mcicased in thickness pale and lollcd out beneath the capsule 'Ihe lattei 
sliipped icadih loaMiui a smooth smtaco and heneath i(, .is well as on the 
cut siiiface weic a iinmhei of hlastomicotic nodule-^ fioin 2 to 0 mm in diameln 



I ig () — A piiotomici ogi a])h of a hi istoniMotic ■ihsct''^ in the ceiehium 
rc, cti final coitex if, conflneiil foii of infedion 

A lellow piiinlcnt mateiial could he cxpicssid fioin tin hugest of these (Fig 2) 
Ihe nodules weie less miineious in the left kidnei 'J he hluldii, pi estate gland 
and testicles appealed iioimal 

'Ihe biain cxtcinalla piescnted no changes Aftoi haidening thioc small 
blastomycotic nodules weie found m the ceicbnim and one in tbe ccicbcllum 
'Jbe abscesses beneath the scalp weie associated w'ltli two deep ciosions, one 
in tbe occipital bone extending to the dnia matei Ibc otlioi in the jiaiietal bone 
extending to tbe intcinal table 'Ibe abset'ss o\ei tlie stcinnm communicated with 
an opening m the mamibnnin On section the gieatei jiait of the maiiow of 
the bone appealed to be involved in a snppni.itive osteomyelitis On the light 
side neciosis and softening had taken place and an iiiegnlai abscess cavitj^ W'as 
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pi esent The adjacent iiiaiww eompai talents ivere filled witli jellow pizs to the 
extent that only a small poition of the left half possessed the noimal led color 
Local abscess foimation existed in the fiist, fifth, sixth and ninth iifas on the 
light side and m the seventh and eighth iibs on the left side In neaily all cases 
the abscess involved the entiie shaft, pioduemg a swelling an inch oi more m 
diametei, and in some a diffuse yellow puiulent infiltration ms found extending 
some distance from the abscesses Another large abscess in the pelvis was asscT 
ciated with an aiea of bone destiuction 10 cm in diametei imolving the sacrum 
and adjacent poition of the light ilium and extending neaily tlnough the bone 
The right knee piesented a diffuse puiulent infiltiation of the s-^novial and pen 
aiticulai tissues, and some eiosion of the head of the tibia was found Similar 
conditions weie present about the left knee, which contained a still largei amount 
of pus The aiticuIai caitilages weie in some places completely eioded and the 
suiface of the bone hard and smooth (Fig 3) Tno communicating openings 



Fig 7 — Pliotomici ograph of a blastomj cotic abscess of the cerebellum ah, 
abscess, gc, giant cells, su, sulci betueen the convolutions, co, coitex, gr, giami 
lar layer 


into the end of the feniui veie found, one on the inner side aboie the internal 
condjde, and anothei posteriorly betueen the eondjdes In longitudinal section 
an abscess 2 cm in diameter was found beneath the peiiosteum, just above the 
internal condyle The suiiounding cancellous bone ms softened foi a distance 
of several millimeteis Beyond this the bone presented a yellonisli appeaiance m 
maiked contrast to the lecl color of the unaffected bone The softened area 
nitli the abscess nas distinctly n edge shape and suggested infaiction (Fig 4) 
Anothei lesion imolvmg the peiiosteum and undeiliing bone uas found in 
the light tibia at about the middle of the shaft The abscesses about the small 
bones of both feet and the light unst ncie opened and such niiiked destiuction 
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found tliat the nnatoimcal stiuctmes ucic iccogni/ed witli dillicu1t\ Blastoniy- 
cotes ueic eas^l^ denionstiable in the puc of all llio bone lc«ion= 

Histological examination of the nodules found in the am ions viscera demon- 
siiatco the blastonn cotic natiiie of all of them 'Jhc^ possessed so many features 
111 common that it is not essential to desciihe them in detail (Fig 5) A rnthci 
maiked peculla^lt^ vas found m (he sections of the single nodule of the pan- 
cicas, foi without the connectne tissue nail sniiounding a legioii of neciosis 
and nuiiieious oiganisms thcio vas no ein eloping /one of lound cells as is usuallj 
found 

Ihe nodules iii the ceiebiuni appealed as though the\ weu caused bv the 
localization of a consideiable numbei of oiganisnis at ndjaient points (fig b) 
Ihe location of (he nodules m the coiolxdluni wne ebielK in the gianiilai la\er, 
and an ippaiciit eonneetnt tissue wall was picscnt in and about some of them 
(Fig 7) 

In the lesions of the hone well maiked walls of giaiiulation tissue wcie not 
picsent about the neciolic iicas and in the uljacenl maiiow coinpai (iiients 
o’aaiiisiiis weie found unascoeiated with am tissue react loii 

JiactenoJor/y — Cultures weic made at the iiecio])s\ fioni the blood pleiinl 
thud and the ]nis fioni \aiious ibseC'.ses which had not hien opened diiiing 
life Xo giowth was oht lined fiom the blood oi (la jdnii il Hind, hut iioni 
tiic pus pine cultuies of hlastonncctes weie oht lined 'J he\ dilTeied m no respects 
tioiii those ohtaiiud dining life iioin the pus of othei ihscesses and a icpoit 
of their eultui il chaiactei isties will he iiieliided in i snhscqiient conipai i(i\c 
stiida 

Thanks aie due Di E (. IHcison ntlending suigcon foi pei mission to repoit 
tins case 



A CASE OE BLASTOMYCOSIS 

T H BOUGHiON, MD, A^D S A CLARK, MD 

LAWKEXCE, KAN HOSPITAL, ILL 

Case XXIII (5) — Hisloiy — J C, man, aged 21, enteied Cook County Hos- 
pital, Aug 21, 1907, to the oithopedic service of Di E W Ejerson He uas 
hoin in Italy, moved to the United States at the age of 1 jeai, and lived in 
Chicago since He uent to noik at the age of 14, and has been engaged in ped 
dliiig and factoiy work Eoi seveial months pievious to his illness he woiked 
in a tobacco factoiy and inhaled consideiable tobacco dust He also chewed con 
sideiable tobacco while in the factoiy When at home he lived undei fair 
hygienic conditions, but dm mg the fall pieeedmg the onset of the disease, after 
getting into trouble and being evpelled fiom home, he slept in evposed out 
buildings and basements Ihe pievious and familj histoij aie ummpoitaiit 

lie caught cold Nov 15, 1906, and was confined to the house foi tno ueeks, 
coughing fiequently and evpectoiating bloody sputum at this time He went to 
Moik December 1, and noticed i^ain in back of neck, and in light side of chest, 
and was obliged to stop woik in a few dajs because of weakness especially in 
the left aim, and was then confined to bed until Decembei 27 At tins time he 
suffeied with pain in the back, bloody expectoi ation and night sueats Aftei 
Jaiiuaiy 1 he impioxed sufticiently to go to noik, but, owing to weakness, nas 
again obliged to letuiii to his home, -nhere he lemained foi the ne\t five months 
He coughed, evpectoiated bloody sputum, suffeied pain in back and was quite 
weak On May 30 he fell and huit his back Fiom tint time iiimation and 
defecation were involuntaiy Two days aftei the fall he came to the hospital, 
complaining of pain in side, which nas strapped, and he letuined home, but the 
pain peisisted for two weeks On Julj 1 he nas sent to Dunning, nheie he 
lemained foi one month in the tubeiculosis hospital, tuo veeks of this time he 
was in bed On August 21, as pieviouslj stated, he eiiteied the hospital complain 
ing of painful cough, ueakness of the legs and imoluntan eiacuatioiis A 
kjphosis at the level of the second doisal veitebia nas noticed at this time 
and in the examining loom the disease was consideied tubeiculosis of the lungs 
and siJine 

Thiee weeks aftei enteiing the hospital (Septembei 15), he fell vhile n ilk 
mg about the waid, and Mas theieaftei unable to valk, owing to piitial pal ah sis 
and about one month latei the paialysis of the legs became complete Sensa 
tion M'as much diminished m the legs, but was ne\ei completely lost Ihe knee 
jeiks M'eie incieased, ankle clonus and Babmski’s sign also weie piesent Dp 
to this time the diagnosis of tubeiculosis had not been questioned, but the faihiie 
to find the tubeicle bacilli m the sputum, togethei w'lth the piesence of niimeious 
cutaneous lesions, gave use to suspicions of blastomj cosis Examination of the 
unstained sputum and pus fiom vaiious abscesses was undei taken ivith the 
resu.t, at this time quite suipiismg to us, that the oiganisms weie found quite 
abundantly piesent m both 

Examination — An examination about December 1 leiealed tlie following con 
ditions The patient lies qiiieth, seems comfoi table, is unable to move the lowei, 
and expel lences some pain on motion of the uppei extiemifies Emaciation is 
marked and the skin is haish and dn He coughs occasionally and expeetoiates 
a puiulent blood tinged sputum The loice is huski and eiacintions aie nnoliin 
tan On the left cheek neai the nose is a dull led, slighth mduiated, shaiplj 
outlined, flat ci listed aiea 2 5 cm in diameici, maiking the luptuie of an abscess, 
part of w'hich remains as a slighth i ed fluctuating mass about 3 cm m length, 
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cxtendmg {lo\\n^^^ul niul oul^^a^l On llio nglii chock in fionl of the ear, is a 
1 eddish pignieiilcd sen 2 In 3 cm at the upper poilion of which i^- a siiuis coin 
ninnicating with an abscess the si/o of a hitkon-iuit llicic is an abscess se\einl 
tunes larger at the base of the neck on the left side 'the ccr\ical 1\niph nodes 
are enlarged Se\eral small fliin painless iingulaiitics aic pie=cnt on the i ihs, 
and a tender point on the right fourth iih in the a\illar\ legion 'Jhe lungs are 
In pel resonant with the exception of the right ajiex inlennrh and the upper lobe-, 
and upper portions of the lower lobes posteiioih o\cr which ri’^onanco i« iiiipaiied 
and drv I'lle® bionchial breathing iiid broiu hophoin aic lieaid Ou*r the 
reniaiiider of the lung the respiiaiom sounds iie loughund and piolonged The 
aiea of heart duliiess is norinal Die tom-, (h ii and regular 

'Ihe ibdonien is distended and tMiipaiiitic and coiit iins no masses or tender 
regions Ihe Iner extends to two fiiigeis below the costal margin Jhe spleen is 
eisih jiiljiable and on dtap iiispirition extends three Imgtrs’ bieidth below tin 
costal irch At the point of the kephosis ]ire\ioiisU mentioned a large (lit 
abscess is picsent which is 10 cm in diaiiudei and on the posterior suifici 
of the light sliouldei is aiiothci, soft and lUictuating and 7 cm in diametei A 
third Is present on the left aim and fiom it small tpi.iiititie-. of bb>od\ pus 
escape Decubital iilceis are pnsent on lioth heels nnd o\ei the sncnim 

An examination of the ncivous s\-.|cni dcinonstiated no changes in n Ilexes 
of e\LS and upper extienuties 'J lie abdominal anil cumasteiic reilexi s aie 
present although less marked on the left snlo 'Jim lowei extiimitus are 
parih/cd and foot di op is m.iiked 'Jhe pitellai nthxis are \ir\ weak and the 
Keinu: and Babinski reactions, the Achilles iillex and the ankle doniis .no all 
now ib«ent 'Jhcplintar rdhxis are exaggeiatul and stimulation of the pliiitir 
surfaces cuises flexion of the thigh ind leg illhough ^olnlltll^ motion is aliscnt 
Sensation to he it and cold vie entirch lo-t and to touch and imin much 
diminished 

Loukoc\tes and giamilai casts wire ofim found in the iiiiiie which w is 
iisualh of low spc'cilic graMt\ Allminin w is absent until the hist jiait of his 
illness incl no hi istonncetes were found in the sHinninl 

An oxainination of blood Dec .'i I'lOT showed ml cdls 1 072 000 hemo 
globin 7") pel cent ( 1 ilqMst) leukocctcs 20 S(l() In a ililTeii nti il count theu 
woio neutiophils S-1 1 jiei cent eosinophils 0 bisophils 0 sniill I\mphoc\lcs 
73 per cent , luge hmjihotc ti s S 5 jici cent 1 iioimoiis mimbiis of bliistoiin 
cetos weie regiilarh found in the sputum but no tubercle builli weie deinoii 
stilted 111 icqieited ex imin itioiis IJoiiilIoii inoculated with blood leinoM'd 
fioni the micUein of the .uni Dee 3 1*107 icmained stojilc fsiihcutaiicoiis 

inoculation with tubeiculin Xen 14 1*107 pioduccd no leaction, but a con 

junctnal reaction w is obt.uncd ten wcc’ks l.itei 

'Jhe piticnt leiiuined in the hospitil until his death which ociuiied Mai eh 
14, 1*108 a lesidcnce of s(\cn months 'J lie coiiisc was piogicssneU downwaicl, 
though some of the SMiiptc-ms wiie much ibated and there weie poiiods when 
the seiiei il condition socined much improied Dining X'ocembii the cough which 
at fust was xci\ tioublcsome and painful ccised to be aiinoMiig 'Jhe simtuni, 
which in the beginning w is piofu-c and blood tinged became iniicli loss in amount 
and the blood disappeiied Dining Tanu.iic a sniill amount of coluntan motion 
ictiiined to the legs 'Jhe abscess rnei the liimb.ii s]uiie disappeiied cntiieli, 
but the abscess at the base of the neck became laigci .iiid the k^])hosls inoio pio- 
nounced, and some ciepitus could be obtained o\ei this legioii About .Iamiai\ 1, 
pain ind tendeinesB ippeared in the left knee and soon aftciwaul both knees and 
ankles weie ln^ol\ed in a suppui line pioeess, which foimed dischaignig sinuses 
'Jhese joint manifestations weie extiemch painful, espcci.illi dining the last 
month of life 

The trmpeiature was about noini.il most of the time, often it was subnoimal, 
and occasionally it io«e as high as 101 F foi i few' houis oi a dai 3.he pulse 
was lathei rapid but extremeh laii.ible, langiiig fioni 70 to 130 poi minute Hie 
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respnations ranged fiom 22 to 28 Duiing the last Uo months of life the pulse 
Avas constantly above 100, the teinpeiatuie usually noimal oi subnormal (occa 
sionally as high as 100) and the lespirations aveiaged about 26 

The patient was given tonics until Decenibei 1, calcium lodid, 2 grains, eveiy 
half lioui until Januaiy 18, and then potassium lodid fiom 10 to 30 grains, 
four times a day 

"Necropsy — (Di Stobei ) — Peiniission foi a limited necropsy uas seemed 
March 15, one day aftei death, and perfoimed under cii cumstances nhich aie 
lesponsible foi the incompleteness of ceitain portions of the evamination The 
body had been embalined and cultuial uoik nas not possible 

Anatomical Diagnosis Multiple blastomyeotic lesions of the skin, sub 
cutaneous tissues, muscles and bones, blastomycosis of the lungs, pei ibi onchial 
lynipli nodes, and spleen, passive congestion and edema of the lungs, paienchy 
niatous degeneiation of the kidnejs and liver, bilateral fibioiis pleuiitis, decubital 
ulcers, anasaica, kyphosis, geneial emaciation 

The uppei pait of the body shoued extieme emaciation in contrast to the 
abdomen and louei evtieniities, which neie maikedly edematous Decubital iilceis 
the size of the palm iveie piesent ovei both hips On the left side of the face 
was a ciicular seal ivitli maigins still led and slightly crusted A small fluctu 
atiiig aiea could be felt in the deep tissues beneath Another marking the 
site of an old abscess uas piesent in fiont of the right eai Behind the 
light shouldei was found a laige fluctuating abscess which seemed to be confined 
to the subcutaneous tissues, a much laigei one nas found ovei the uppei pait 
of the spine extending to eithei side foi a distance of several inches A kyphosis 
of the spine immlving the last ceiiical and the first tivo doisal vertebiae \ias 
piesent at this point The spines of the I'eitebiae veie separated fiom each other 
11101 e than usual, and manipulation of the spine of the first doisal, which ivas the 
most pioniinent, elicited a distinct ciepitus The Icj^phosis could be reduced and 
exaggeiated to a consideiablc extent by extension and flexion of the neck on the 
chest An external incision vas heie not allowed 

An examination of the fistulas connecting nitli iindeilying abscesses ovei 
both knees and ankle joints demonstiated eroded bone at their bases, but fuitliei 
examination of the bones nas not allowed On opening the chest, the pleuial 
caiities nere found piactieally obliteiated by fibious adhesions These Mere 
leiy film at the apices, especiallj’^ on the light side, ivlieie dense cicatiical 
masses neie piesent The lung Mas torn at this point on lemoval and piesented 
A fistulous opening ivliich communicated Mith a camty in the uppei lobe, and 
extended posterioily betneeii the fiist and second iibs, the adjacent maigins of 
M'hicli veie shaip and eroded No diieet communication Mitli the abscess in 
the back could be demopsti ated by piessuie on the latter 

The bodies of the imitebiae fiom the fiont appealed noimal The anteiioi 
sill face of the second thoracic Mas coveied Math the fibrous tissue involving the 
light pleura This veitebia Mas leniovmd Mith the bone foi ceps, and a small 
poition of the spinal coid Mas exposed but appealed noimal The cancellous 
tissue of the bone Mas noimal Further examination of the vertebrae and back 
Mas not alloMmd 

The lungs togethei vieighed 1 100 gni Both showed thickened pleiiiae Mith 
numeious fibrous tags The upper lobe of the light lung Mas torn in lenioial 
as deseiibed This lobe Mas small and quite solid, although slight crepitation 
could be obtained in the loMCi portion In the uppei poition of the loM'ei lobe 
and in the middle lobe could be felt a number of nodules On section, the greater 
part of the posterioi poition of the uppei lobe Mas occupied by an iiregulai 
cavitv' mIucIi communicated Mith one of the bronchi The main bronchus Mas 
dilated to form another small cavity at about in inch from the bifurcation Tlie 
sill rounding tissue was fibious in character and contained a number of velloM 
neciotic legions measuring fiom 3 to 6 mm in di imeter Betvv'een these and also 
in the anterior portion of this lobe, the middle lobe and the upper half of the 



T II JiObr.UTOy—S \ VIj\RK 


3^7 


lo^\el lobe \\cie minieious inili.u\ nodules, come of tlie Inigci of winch wcie 
iieciolic Coal piemonf A\as picsont lo n eoncidei.ible o\(cnt osjiccjalh in the 
aflectcd paits of the luiifr (.oncidetahle fioth\ lluul could he expiecccd fioni the 
lowoi lobes (Fig 1) 'J he left luiifr ciepitatc'd fieeh tlnouphout except at the 
ape\ whole a laifie ladntinp: ‘•cu w ic piecent evteiidin'r into the lung foi a 
clictaiKO of se\ei il ceiilinietei c On ceetioii, (he lung was daik icd and hlood^ 
fiotln fluid could ho e\piecM>d ‘^nnll nodiilai filiioid in.isses tliioiighout the 



Fig 1 — Right lung, Case 21 ut, hioiidiioctatic ca\iU in the fihioid uppei 
lobe, ah, ihscccses wliose contents we < iiicpis^atcd .iiid suiioniided hr a wall of 
connective tiesue, no, hlastonij'cotic nodules in the lowei lobe, which fioin then 
distiihution seem to he hioiichogcnic in ongni, pi, thicKoned jilcuia 

lung weie cut thiough llie hionchi weie heie as well as in the opposite lung 
thickened and pioniinent 1 lie peiihionclual 1} in])h nodes w'eie enlaiged, fioni 
1 to 3 cm in dnnietei, and daik led to black on section 'two of them con 
tamed seveial small encapsulated neciotic legions and also a few' mihaiy nodules 
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Ihe heart, empty, weighed 255 gm Ihe pencaiduim on the antenoi surface 
piesented an area of fibroid thickening 3 cm in diameter The vahes appeared 
noimal The musculature w-as a light brown, and in numerous sections no nodules 
ueie found Nothing of importance was found in the thyioid, esophagus, stom- 
ach, intestines, pancieas, bladder, prostate or adrenals The Inei was much 
enlarged and its antenoi margin w'as consideiably rounded The cut suiface 
w as light j ellow and fat droplets could be seen in the material scraped from the 
suiface On section of a portion of the right lobe one small nodule 2 mm in 
diameter was found The spleen w'as modeiatelj^ enlaiged The surface was 
smooth and the capsule somewhat thickened On section an excess of eonnectne 
tissue W'as present, the Malpighian bodies iveie indistinct and a few' nuliaij 
nodules were found 

The kidnej's togethei weighed 260 gm and w'ere normal exteinalh The 
coitex W'as inci eased, measuiing 7 mm in thickness, and was pale j ellow in con 
tiast to the pjiamids, which w’eie light red and measuied 20 mm in length 
The capsule stripped leadily, leaiing a smooth surface No focal lesions w'eie 
found in either organ 

Histological Examination - — Some difficult-^ was expeiienced in demonstiating 
the oiganisms in the neciotie material desciibed in the light lung as being sui 
ronded b}' moie oi less marked masses of fibrous tissue The lesions in other 
oigans weie similai to those desciibed in otlier eases Their blastonn cotic 
natuie w'as pi owed W'lth the exception perhaps of the sections examined of the 
small nodule in the livei, in which no organisms were found In othei lespects 
this too corresponded to blastomycosis The sections of the othei oigans possessed 
changes indicated in the anatomical diagnosis No lesions peculni to blastomy 
cosis weie found in sections of the bod^ of the second cloisal veitebia 

Bacteriology — Blastomycetes weie repeatedly demonstiated in the sputum 
and in the pus from the cutaneous lesions ana the canons abscesses dunng life, 
and puie cultures w'eie obtained fioni the pus when the abscesses weie aspiiated 
01 drained In the mucus lenioced fioni the tiachea and bionchi at the time of 
the postmoitcm examination the oiganisins weie found 
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1 A^\ltl Ntl . K \N ( nic\(.0 

Ca'si XXI\ (li) — Ili\loni — S K. a nalno of Montnii^io n”('{l 1'), was 
.ulimltcd to till ‘'Puui of l)i SlnMiiakiM \piil 12 I’lOS )1 wa^' kaiiKil Uiioo^li 
in intiipuk'i lint ho hid hu n in Ihi*. loinilii oiu \i'ai woikiii” lii-t a'> a 
lahoior on i inilwn foi ino inonlh" then for two months in Mis'.onii hniii'i 
pijit"- Dnriii}: thi«. tiino ho sjiont half of I'uli il u in a ditih tilled with 

w itoi hntdoiliK- th it ho felt jxifoith will '1 ho no\t li\o month'' ho Inod in 
fsonth C-hic igo and the list thioo month'' he w'l'' ill owiii" to (vjio'-uio while look 
inj; foi woik lie Ined ahont two hloik-' fiom tin lake on the S(>(ond llooi of 
1 fi line house hnilt on low {iiound which was wot and mudd\ at that time of 
till Acir Noveinho), l<t07 to Maiih I'd*'' ‘siMiitiin pii-ons sh pt in the fni 
looms on this flooi two oi thiee ol tiiein wen ‘-iik in l>ed with feiii, and 
I'lthoujih he was nn ihle to jiive inan\ details of then illne-'S he stitul tlnit 
thcic was a }ricat dial of loiifihin}' A small i i>okin;i stoxe in a hall was tin 
onl\ sonice of hevt foi tin entile semnd tlooi of this hmldiii” 

Ao liistor\ of ^eiien.i! iiifeitioii w.is ohtannd and tin faniiK histon was 
tiiiimjioi taut 'Jins illiii'S h<<ian in dainiaii, 1*>0S with iiiteii-i pain in the 
chi'-t cmi;'h fo\ci iinl wiakinss llluoil wa" jiii'tnl in tin sputum iit hist and 
has coniimied to appi ii at intmals smie Dinin'.' the two weeks hifoic his 
admission to the hospital a iniinhd of ahseis'iN di m lojn d and tin doi''al sui 
facts of lioth fiel hu nne swolhn and I'lidei He ha" |o"l "oini' weight hut does 
not know Imw nunh When In inttnd the hospital he lomplannd of pam in 
tin feet ind ankles An e\annnation at this Inm imaled i sli^»hth leddeiied 
snpeihtnl nliei ahont the si/i of a hii”ei mnl o\ei the left snjna oihital ndfic 
It was coieied with a thick mist iiiidi i whiih was Idood\ jnis Similai lesions 
weie jntsent on Hit lowei iieht cm lid neai the iiosi and tnei tin aiiele of the 
light "Cipnla and also snuH pustules on <aeh aim jiist ahtne the left exteinal 
malltohis ’Jhcie wne thue smooth pigmenti d seais on llie light thigh which 
the patient asciihtd to sonu luiuung soies conueiled with the hone, which he 
h.ul when a 1 ) 0 \ 

He was well de\iloptd and well noiiiislnd iiid ol>\ious1\ not ^e^^ siek Iheie 
w IS no eiidencc of consolidation found in Hie evaminalion of the lung Slighth 
imp 111 cd icsonance w.is ohlained oiei Hie light ajttv and a few cicpit<iiit and 
siiheiepitant iftles weie hiaid o\ei the legion and o\ci both lowci lobes 'J he 
aioa of caidiac diilness was inoicastd to tiie left 2 cm 'J’he inguinal Ijmph 
nodes weio model alcly ciilaiged 

About ]\Iay 1 no lAles could be In aid in the lungs Otlniwise tlio pnlinonni\ 
examination disclosed nothing new A cmstcil lesion liad appealed on the 
hack of eacli hand The pustule on the left leg had devclo])ed into nn iilceiatod 
cuistod lesion '1 cm lu diametei and dischaigod consulei able bloody pus A sub 
cutaneous abscess 5 cm in diainctei which had de\eh>ped about the light extei- 
nal malleolus w is opened and a huge amount of ihuk bloody neciolic mateiinl 
escaped, and in this hkistoniYCetos wcic found and pine eultmos obtained 

The nppci end of the light tibia was x'cn tendci, and the oici lying skin was 
led and edematous The doisal sin faces of the feet wcio swollen and londei, 
walking W’as decidedly painful and the patient’s geucial condition was somewdiat 
woiee A month kilci the p liient was confined to hod by weakness The tendei 
ness and ledness ovei the light tibia had disappcaied and a small subcutaneous 



Fig 1 — Case 24 Ihis pliotogiaph was taken sIioitl> aftei the aaecuie tieat 
nient was begun Three lesions on the face thiee on the left foieaini and one on 
the light hand can be distinctly seen 
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Tig 2 — Cn‘:c 2*1 Taken duiing the I itlei pnit of August siv weeks after 
beginning of vaccine tieatnienl 'Jhe Usions on no^c ami umloi light c^e liaAe 
clisappeaied '^Ihe one piesont near left eae m iinich inipioied 
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abscess bad developed neai the attachment of the patellai ligament Ihe tenclei- 
ness and swelling on tlie doisal surfoce of the light foot had disappeaied com 
pletely, and a small subcutaneous abscess had developed on the doisal surface 
of the left foot A small aiea of ledness, tendeiness and swelling had appealed 
ovei the middle of the left tibia, and a small pustule had developed ovei the spine 
of the right scapula The sputum was still occasionally tinged with blood 

During June two small lesions developed on the nose, one on the light cheek 
(Fig 1), siv lesions on the left arm (three on the extensoi and tuo on the flavor 
suifaee of the foieaim, and one on the back of the elbou ), one on the back of the 
left thigh, one on the anteiior surface of the light thigh, and one on the outer 
aspect of the left leg belou the knee making a total of twenty foui distinct supei 
ficial lesions, only si\ of which ueie present on admission 

It IS inteiesting to note that the airangement of the lesions uas loughly sj'm 
metrical Until July 10 impiovement was noted in only two of the lesions in 
spite of the fact that patient had been undei tieatment uith potassium lodid and 
coppei sulphate fiom the time of the discovery that the disease was blastomy 
cosis and not rheumatism, foi which he had pievioiisly been tieated One of 
these lesions uas a small cutaneous abscess at the angle of the scapula which 
had nevei been laige oi deep lliis had ceased to discharge and at this time was 
led and iiiduiated The othei lesion was a swollen tendei aiea on the doisal 
surface of the light foot which lasted about thiee ueeks and did not siippuiate 

The sputum on lepeated examinations showed no tubeicle bacilli, but con 
stantly a feu blastoni'^ eetes The uiine in a niimbei of analyses showed nothing 
abnormal An examination of the blood made early m the couise, Apiil 30, 1908, 
demonstiated 5,748,000 led cells and 90 pei cent hemoglobin (Talqvist) The 
■white cells numbeied 18,300, of which the poljnioiphonucleai cells constituted 
75 pei cent, small iiiononucleai s 17 per cent, laige niononucleais 0 pei cent and 
eosinophils 2 pei cent 

Vaccine Tieatment — A laecnie tieatment was instituted July 10, and consisted 
of the subcutaneous injection of the filtiate and suspension of the blastomycetic 
mxeelium obtained fiom eultuies grown in glucose bouillon at loom teinpeiatuie 
Ihe tempeiatuie up to June 1 langed from 99 to 100 4 F and fiom June 1 to 
July 10 fiom 99 to 99 8 P Seven horns aftei the fiist injection (July 10) 
a maximum tempeiatuie of 100 8 F was noted, letuimng to noimal aftei 
two dajs and lemaining so except aftei the subsequent injection of vac 
eines, wdien iiici eases of fiom 0 4 to 1 4 P weie obtained With the use of 
tempeiatuie occuiied also a distinct iiiflammatoiy leaction about the lesions 
consisting of pain, lediiess, swelling and inci eased dischaige, and also a geneial 
feeling of malaise Aftei the second injection, Julv 15, an actne healing of the 
lesions occuiied The laccine used in the thud injection, July 22, w'os piepaied 
fiom eultuies of a mold obtained from wood (Fig 19, p 537), and the leaction 
obtained was even moie niaiked and piolonged than fiom the laccine piepiicd 
fiom the cultures of blastomi cetes A deep abscess in the light aim suddenlv 
enlarged, appioaclied the suiface and luptured The site of the injection also 
bee ime led and indiii ited and fiom the sw'elliiig a few days latei a small quan 
tity of steiile pus was aspiiated The patient by this time was able to walk 
about in the jaid 

Two nioie injections were giieii August 10 and August 24, with the lesult 
that on September 1 seienteen of the twentj foui lesions pieviously noted had 
disappeaied The lesions icmaining weie still led and induiated but the dis 
chaige had ceased and thej w^eie much smaller (Fig 2) The healed oi healing 
condition of the bone lesions was quite appaient in i oentgenogi anis taken at 
this time and lefeience to these is made In Di Potter, i oentgenogi ipher, in a 
renew of the subject (p 541) On examination of the chest impaiied lesoiiance 
was obtained oiei the light lung posteiioily with harsh bieatli sounds oiei this 
area and the uppei poition of the left lowei lobe A few’ dij riles weie hoari 
01 er the light side The patient’s general condition was much impimed and 




Fig 3 — Case 24 'Jaken duiing Httci jiail of Sejilcnibei, sliowiiig ncaily 
liealed condition of lesion ncai llic left ejc 
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l.e ained consideiably m weight Otliei injections neie given September 17, 
October October 31, bsovembei 15 and December 1, when they neie discon 
tinned Of the twenty seven lesions, all but two seemed to be healed one on 
the light foieaim, and one on the left side of the forehead (Fig 3) The patient 
had gained much in u eight and felt bettei 

Tlie Jesuits of the blood examination made Septembei 17 veie as follows 
white cells 11,000, polymoiphonucleais 65 6 pei cent, small mononucleais 218 
pel cent , hige mononucleais 10 pei cent , tiansitional cells 1 S per cent , eosino 
phils 0 6 pel cent, and inyelocjtes 0 0 pei cent On Septembei 19, 15,300 whiles 
neie found, an inciease of 4,300 two davs aftei iniection of Aaccines Othei 
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counts Octobei 13 and Octobei 31 shoved little laintion from the aboie except 
foi the inciease of laige mononucleais to 17 pel cent and the picsence m some 
of these of tine neutiophilic gianules, thus appioaching the nnelocjte m type 
On December 9 the patient furnished the blood foi a venous transfusion and 
vas quite veak for a fev days but seemed to legain his stiength During Janu 
arj he began to lose v eight and the lesion on the light foieaini began to dis 
chaige On Febiuaiy 1 a small papillomatous gioutb appealed on the light 
ala of the nose and an abscess on the doisuni of the light foot The lattei ms 
opened and diained and the adininishation of potassium lodid and -vaccine (2 cc 
eieiy tenth day) ms again lesumed, vitli the result that b-s Apiil 1 the lesions 
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on tlic anil and nose weie practicalh licalcd, but Uie abscess on Ibc foot ^^.^s still 
dncbaiging sligbth On April 21 be began to complain of a pain in the left 
chest winch inci eased in seienh and was associated with the appeal ance of 
plnsical signs of fluid in the left chest On Mav 4 the left chest gn\c a flat note 
on peicussion below the lei el of the middle of the ccapula, lOice sounds were 
diminished and bi cath-sounds absent At this time the patient was confined to 
bed and gnen potassium lodid in doses uici cased for 20 to 8.1 giains thiee times 
a das and saccine filtiate fiom 1 to 3 cc escis fenth to fonrtcenfh das A grad- 
ual impioseineiit oceuiied ami on June 1 the patient ssas allowed to walk about 
in tlie sard All esidcnces of fluid iii Iht chest had disijipeaied He left the 
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hospital June 19, at sshich time slight dnlncss ssitli inci eased liansmission of 
hreatli and s’oice-sonnds were still piescait osei the apices, cspeciall’s the left, 
but the cutaneous lesions and the abscess of the foot sscie appaiently healed 

These lesnlls indicate that in this case at least the fcnbciitnnoous 
injections of old cnltnies of blastomycetos ss’cie of nndonhted benefit 
A local leaction m the lesions and a iiso of tcmpciatnie follosvcd each 
injection tFig 4, tcmpciatnie chait) The intensity of the leaction 
ss^as also propoitionate to the quantity used, taking into consideiation. 
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of couTsc, the immunity winch was being acquired It will also be noted 
that the culture of the mold fiom the wood was even more active than 
the ciiltuie obtained from the pus, and that the blastomycetic filtiate 
was moi e efficient than the suspension of the triturated growths Inocu- 
lation te'^ts made by appl5'ing steiilized bouillon filtrate and mixed 
cultures triturated m lanolin to the skin which had previously been 
seaiified, gave negative results 

Piirthei inoculation tests were made by Dr Boughton, with three 
suspensions of blastomycetes very kindly furnished by Dr L Hektoen 
Two of these organisms were from Chiistensen and Hektoen’s two cases, 
and the othei oigani'^ms isolated by Dr H T Eicketts A drop of each 
of the suspensions was placed on the skin of the foiearm and the under- 
lying skin scarified No reaction was observed Ten days later the test 
was lepeated on the opposite arm using a minute puncture after the 
mannei of Pirquet In twenty-foui hours a distinct papule was present 
at the site of each inoculation and peisisted for four da3'^s The control 
puncture showed nothing The ophthalmic test was negative Inocu- 
lation tests b}”- both methods mentioned in several normal cases and 
ophthalmic tests in three noimal cases gave uniformly negative results 
Thanks are extended to Dr Slaj maker for permission to report the case 



A CASE OE SYSTEMIC BLASTOMYCOSIS 

H JACKSON, M D 

CHICAGO 

Case XXV (7) — 7iis/o;i/— M a natnc of Croatia, entered the Cook 
"Countj Hospital May 27, 1008, to Hie sen ice of Di Elliot Ho spoke no Eng- 
lish and a history i\as obtained ^slHl diflicnltv Ills illness began one ^oal ago 
Mitli a eougli and profuse e\.pcctoi ation winch bLt.iino giadnalh woiso and 
was associated with consulcrable los*, in weight 'Ihice weeks befoie cnteiing 
the hospital a swelling with pain iiid tendeincss appealed in the left aim followed 
by a swelling of the foieaim and hand A week later ulceis de\ eloped in the 
skin of the face and other pails of the bod\ and progressed quite ]a])idh 

Ihe faniih liistorv was iniiinpoilant 'J he patient had c\peiieneod no sciious 
illness and no •veneieal infection He had betn a faiinei but aflei coining to this 
conntiy a Acai ago he woikod ns a laborei on a lailwa^ For the jircMoiis three 
months he was uncinplojed and ll^cd in Routli Chicigo He diaiik coiisidotablc 
beer and whlsk^ and smoked mam cigaieltes eich da\ 

On e\aniination the patient stated that he felt well and dcsiied to letnrn to 
his natnc land He appeared soniewli.it cinnciated and eoughtd fieqncntU, 
expectointing bloodA pniiilent sputnin 'Ihe lespiintions i.ingial from IwenH- 
four to thiit> the pulse fiom 00 to 100 pei ininiile and the teinpeiatuie fioin 
98 0 to 101 F At this time theie was on (ho nose an oval papillomatous lesion 
fioiii 2 5 to 3 5 cm in diameter with a laised mnigiii and a b-ne covered with a 
bloodstained crust under which was a qunntitv of hiowii jnn A similar lesion 
2 bv 3 cm in diametei was present on the left theek Othei sinnllei h sioiis wcic 
picsent on the left aim within the aiea of indui.itioii pievioush described, over 
the left scapula the coccv\ and on the sciotnm A largei one 3 bv 4 cm in 
diametei was found on tlio loft buttock 

No changes wcie found in the sc.ilp, evts, <.ais oi thioat AnteiioiU in the 
neck small haul Ivmph nodes were palpable 'J lie indniated iipjiei half of the 
left arm was e\trcmelv tendei and fluctuation was obtaineil in its innoi boidoi 
Tlic foiearm and dorsum of the hand were edematous and the aim could not be 
moved without considerable pain (See accompanv iiig illustiation ) '1 he joints and 
otliei extremities weie not afTcctcd 'Jlio icsjinations weie fieqiioiit. the siipia- 
elavicular and infiaclav iculai spaces deepened and the .i]ie\ beat of the hcait not 
vasible Percussion elicited impaiicd icsonance ovei the up]iei lobes on both 
sides, vvdiero tactile fiemitus was incieascfl Ovci the light side of the chest 
postciioily bionchial bieathiiig and piolonged and high-pitched expiiaioiy sounds 
were lieaid On the left side ovei the iippei lobe theie weie haish bieath-sounds 
but no r.^lcs 

The aiea of caidiac dulncss was not inci eased, and the sounds weie noiinal 
The aiteiics weie scleiotic, the pulse full, stiong and icgulai 3 he abdomen 
was distended and tympanitic, the livei and siileeii not palpable At the mid- 
dle of the exteinal siiiface of the left testicle was a hud nodule 1 cm in diameter 
The epididymis also contained a haul nodule the si/l of a split pea 3 he light 
testicle and pi estate w'cie iioimil No changes weie found in tlie neiv'ous sys- 
tem Examination of the blood icv'calcd G5 poi cent hemoglobin (vmn Fleisclil) 
and 13,000 leukocytes, the polymoipbonucleais nninbcicd 00 4 poi cent, small 
lymphocytes 4 8 pei cent, laige lymphocytes 2 per cent, oosinopbils 2 per cent 
^nd basophils 0 7 per cent 
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Bouillon inoculated witli blood from the median vein remained sterile The 
urine uas clear, amber in color, specific gravity 1 015, leaction acid, no albumin 
or casts present 



Case 25 — Cutaneous lesions on the nose, left cheek and shoulder, also a swollen 
condition of the left hand secondarj to an abscess in the aim 


^lanj blastomj cetes veie demonstrable in the sputum, but tubeicle bacilli 
weie absent Round and budding blastomj cetes were found in the pus from the 
cutaneous lesions and the abscesses and afterward cultuies vere obtained^ 

On account of his desiie to return to Croatia, he left the hospital unimproied 
foul dajs after admission 


1 Refeience to these is made in another place 
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Casl XXVI (S) — //is/ojy— On Juno 28 1008, .i R\\c(lc .T F ngoil 38, \\ns 
admitted to the medical seivice of Hi Mi\. gi'nig a liistoix of illliiesn bogiii- 
nnig in the jneiious Ftbuian with a cough, piin in Hu “;ide and an o\pecloi 
ation occasionalh blood tinged He had ,^lwn^s been a stiong robust man of 
good habits and when taken ill was working in a steam laundir fiom sivleeii 
to eighteen liouis a daj Sboitl\ aftei the cold began be sudou'd fiom pain in 
the left bip and foi tins went to a hospital wbeic the thigh was incised and a 
large amount of pus eiaeiiatod A few dins aftei this opeialion a papule 
appeared on the upper lip, snpjniiated and then hetime co\eicd o\cr with a tui'-t 
Sinnlai lesions dei eloped on the neck chin forehead, chest, abdomen and cvliemi- 
ties in the older gnen, and also on the middle fingei of the right hand, follow 
ing, accoiding to his statement an ahinsion Dniing this ])eiiod in the hospital, 
which lasted liie weeks he lost gieath in both weight and stiength and the cough 
and e\pectoiation continued, Ins illness was consideied us tulieiculosis 

When admitted to the Cook Count\ Hospital as stated dune 28 he was unable 
to walk, greatlj emaciated and dispiieic aftei niucli coinersiiig oi othei slight 
efforts The wounds in the thigh, two deep incisions in which drainage tubes 
were still piesont were discharging ficeh and nceessilated Ins hmg quieth Ihc 
teniperatuie was 1012 F lespiintions 30 pulse 11*1 Papillomatous ulcers fiom 
2 to 4 cm in diametoi weie piescnt on the left side of the foiehiad, the 
upper lip on the right side, the hack and left side of the neck and the light 
middle fingei 1 liere weie main moie suhciitaneous ahsiesv-ei, which had not 
lupturcd located as follows two beneath the suilji one at the ^erte\ and one 
over the right car two on the hack thiee on the abdomen one in the tight 
axilla, three in the left arm and foreaini thiet in the left thigh, two in the 
right thigh and one on the hack of each Ug 'Jluse ahseesHcs \aiied fiom 2 to 5 
cm in diameter and wcic for the most part soft and lluctuatnig (See illus- 
tration ) 

Movement of the left thigh was lesisted and deep jiiessiire o\oi the ciest ' 
of the ilium caused consideiahle ])nin ’Jhe ceiMcal and n\lllnl^ R niph nodes 
were moderately enlarged Dulncss and othei signs of consolidation weie pics- 
ent ovei the uppei part of both lungs 

Treatment and Course — Jhe disease was quite piompth iccogni/ed ns 
blastomj cosis and the organisms found and isolated in puic cultuie fiom 
unbroken subcutaneous abscesses Roentgen evaniination of the left hip lexealed 
instead of a joint tiouhle, a circulai defect in the loft ilium slightlj laigei than 
a silver dollar, and a few weeks latei hj a similar examination a poition of the 
crest of the hone was seen Iving loose in the abscess cavity Dining the two 
months from the time of admission to patient’s death, August 27, the most note 
worthy development in the com sc of the disease was the denionsti ation of stajihyl 
ococci and Bticptococcus pyogenes in some of the uiiiuptuicd abscesses dining a 
period of slightly more fcvci and piofuse night sweats An antisticptococciis 
serum W’as administeied w’ltliout any niaiked benefit 

There was some slight impioiement during these two months, occasionally 
the patient was able to spend a poition of his time in a wdieel chan Some or 
the abscesses healed after opening and cleansing wuth lodin The dyspnea iiici eased 
toward the end and the physical examination of the chest levcaled giadually 
increasing consolidation until all paits of both lungs w’eie involved 
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The leukocytes in the blood were never over 9,000 pel cubic centimetei Occi- 
sionally small sequestra were discharged fiom the wound in the left lup, which 
remained open, o\ei the left ilium crepitus uas obtained In the sputum with 
the increased pulmonaiy consolidation the blastomycetes became very abundant, 
tubercle bacilli were nevei found Shortly before death the appetite failed’ 
albumin appeared in the urine and theie was some edema of the lowei evtiemities’ 

Ihe patient was given % giain of coppei sulphate three times a day and from 
30 to 150 grains of potassium lodid Three injections of a blastomj eetic vaccine 
gnen in July ueie followed in each instance by a local leaction and some improve 
ment, tvo moie in August were without benefit 

Necropsy The post inoitem examination was held the following day after the 
body had been embalmed by arteiial injection The anatomic diagnosis ivas as 
follows “ulcerative blastomycosis of the upper lobe of the left lung, dissemin 
ated blastomycosis of the lungs, liver, spleen, kidneys, adienal, brain, subeu 
taneous tissues and skin, blastomjmotic caries of the left line and light pari- 
etal bones, fibrinous and fibious pleuritis, hyperplasia of the tracheobronchial, 
cemeal and mesenteiic Ijmiph-glands , red mariow in the femur, emaciation, 
atiophy of the li\ei, fibrous muial endoeaiditis, ossification of the thyroid and 
costal cartilages ” 

The following are descriptions of the moie impoitant lesions On the face, 
mostlj' on the right cheek but extending to the light ala of the nose, is an ulcer 
Mitli elevated margins with a lathei diy floor, 2 5 cm in its longest diameter, 
which IS dounnard and to the right into the yellow and lather long moustache 
This is the only ulceiation on the exteiml surface of the body which has the 
appeal ance of any chronicity The remaindei are numerous, and are but little 
moie than recently opened subcutaneous abscesses or the superficial and apparently 
acute destiuction of the skin following such piocesses The largest of these is 
ovei the left ciest of the ilium about 15 cm from the median line behind Here 
is an opening 8 cm in length with led inveited maigins and packed with gauze 
and containing in its depths loose necrotic bone The next largest lesion is located 
midway between the lower angle of the left scapula and veitebrae and consists of 
a pill plish red oblong neciosis of the skin 6 cm in its longest diameter, in the 
middle of ■\\hicli there is an opening into which the terminal phalanx of the mid 
die finger is easily passed into the abscess pocket between two nbs There aie 
smaller abscesses, the result of a rupture or opening of subcutaneous abscesses on 
the entile body Theie aie two on the right side of the face, one on the left side 
of the foiehead, one ovei the thyroid cartilage, one in front of the left elbow, four 
on the anteiior surface of the tiunk, two on the anterior surface of the 
left thigh, one behind the right knee and one over the middle of the left 
calf, these are mostly small, from 1 to 2 cm , gray or yellowish blown 
pus can be expressed from them , then openings are small , the skin and sub 
cutaneous tissues aie determined In addition to these aie three brownish dis 
coloiations on the abdomen on the left side, slightly elevated and fluctuating 
Two similai elevated, fluctuating spellings occui, one ovei the base of Scaipas 
tiiangle on the light side, and anothei over the internal malleolus (right side) 
The last two are not discolored externally These swellings are about the size 
of hazelnuts That in the right groin is twice the size of the other, they all con 
tain pus moie or less blood stained 

The changes in the lungs are quite alike The tuo pleural sheets are adherent 
over a i egion at the apex of each lung equal to the entire palm of the hand in 
size Both aie fairly fiim, probablv from the embalming fluid in part but also 
fiom the jiiesence of innumeiable closed set giay firm legions the size of miliary 
tubercles or slightlj laiger, ■uhich aie scattered thioughout both lungs, more 
discrete below, more confluent aboie In the upper part of the left lung there 
are a few cavities the size of a hickorv-nut Theie aie enlarged hniph nodes 
about both sides of the trachea and in the cemcal regions as high as the hjoid 
bone there aie more on the left side and largei They vary fiom a buckshot 
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Case 2G — Piiotogiaph taken July 10, at ^117011 ti77)e tlie vaccine trcament was 
instituted Note the cutaneous lesion abo\e the lip on the light side and the 
five abscesses in the chest and jiglit foiearm Four had been lecently incised, 
after painting with lodin 
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to a hazelnut in size and are fiim and led on the cut suiface Such hniph nodes 
are also found about the roots of both lungs The spleen has rounded margins, 
IS 14 cm long, has an unchanged suiface, is firm, and on cutting theie is an 
increased amount of pulp substance seen , it is not i ery bloody The Malpighian 
bodies are distinct and there aie a few giayish yellow spots slightly largei than 
Malpighian bodies, they are not numerous 

The kidneys are sliglitlj' largei than noimal and are umlteied e\eept foi scat 
teied yelloivisli lesions mostly in the pyiamids, fiom 1 to 4 mm in diameter, and 
the laiger ones with softened centers Four or five such lesions are encoun 
tered in single vertical transverse sections The ureters and bladder are 
unchanged The prostate is enlarged In each lateral lobe abscesses occur contain 
ing thick gray pus On the surfaces exposed by vertical section into each lateral 
lobe theie are a nunibei of iiiegulai cavities, the largest of which nould contain 
a small pea They are more numerous in the right lobe, in which a spongy or 
■noim eaten appearance to the surfaces is given by the number of abscesses present 

Over the middle of the right parietal bone there is a necrosis of the peiieranium 
1 5 cm in diametei On the inside of the skull opposite this there is a slight yel 
lowish exudate on the dura The calvarium contains but little diploe The skull 
here is thin, there is an extensive necrosis nitli sequestrum formation of the ciest 
of the left ilium 

In the brain, which was examined very carefully,' fourteen small lesions veie 
found in the eerebium and a few in the basal ganglia and deeper parts of the 
hemispheres , but most of them were located at the bottom of sulci or at the junc 
tion of the giay and white substance These nodules varied fiom 2 to 4 mm in 
diameter In the cerebellum there were two larger lesions, one 15 by 11 mm in 
the white substance between the dentate nuclei, and above the nuclei, and a sec 
ond slightly smaller 4 mm poster loily 

Etstologtcal Examination — The changes found in sections afforded no essen 
tial additional information with the exception of the liver In this oigan minute 
focal lesions were very numerous They nere about the size of lenal glomeruli, 
located as a rule well within the lobule, and possessed the features common to 
all the primary minute blastomvcotic lesions So far as could be ascei tamed the 
large oblong lesions in the distal portions of the renal pyramids originated from 
the location there of the fungi in the collecting tubules, and this explanation 
received some suppoit fiom the occurrence of small local lesions in the cortex in 
which both glomeiuli and tubules were involved Characteiistic changes occurred 
in the mediastinal, inguinal and periaortic lymph-nodes, but careful search fai ed 
to reveal any in the enlarged mesenteric lymph-nodes In all the blastomycotic 
lymph-nodes the alterations varied fiom minute and widely scattered focal lesions 
to similar lesion so numerous and coalcscent as to occupy pnctically all of the 
sections The chronic changes in the upper lobes of the lungs resembled m the 
extensive necrotic regions a slowly progressing chronic caseous tuberculosis In 
numerous sections theie nere encountered rounded regions of necrosis vliich repre 
sented occluded bronchi In the lowei lobes the changes veie such as hav'e been 
repeatedl 5 ' described, the small legions of pneumonia, the leplacing of one or more 
alveoli in some places with single minute -blastomycotic focal lesions, in other 
places a number of such coalescent lesions In some sections small regions 
of pneumonia due simply to the filling of the alveoli vith leukocytes and 
fibrin were present, in many sections desquamated cells wore abundant in 
the alveoli, in sections from the lowei lobes some emphjsema also vas 
found The regions involved in the adrenals were highly neciotic In the 
prostate the sections contained simply abscess nails, and although the 
surrounding tissues vxaried, the abscess nails possessed a structure quite like 

1 LeCount, E E Jour Ment Dis , 1908, xxxvi, 144 
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that often met in tlie subcutaneous ab'^cesses Noi did sections of tlie biain lesions 
leieal an) thing iicm , on the uhole thcio was but little tissue leaction as has been 
the case iiith the hi am lesions in othei bodies picMOush evainined In some sec 
tions. of the steinum made from the inairow tikcii at laiidom and without icfcr- 
ence to the piesence oi absence of contiguous abscesses, niimeious lesions in all 
lespects like those seen in othci hniphoid tissue weic piesent 'Jhe\ weic not 
coalesccnt noi was neciosis maiked similar small focal lesions weie present in 
the spleen in all places fungi were found in the lesions peculiai to the disease 
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Case XXVII (9) Bistoiy — S C , an Italian laborei, aged 31, nas admitted 
to the Cook County Hospital Jan 11, 1909, to the service' of Di Oimsby 
Thiough an inteipieter it was learned that he had been sick for thiee months 
He suffers fiom peisistent cough which is productive of a puiuleiit, often blood 
tinged, mucus Ihe appetite had been poor and emaciation rapid Since the 
onset of his illness numerous cutaneous ulcers and subcutaneous abscesses have 
developed He has had piofuse night sweats and is now very weak 

Nothing could be learned of Ins previous illness During the past year he 
lived with several other men in a small room under most unliygienic conditions 
Examination — On examination the anemia and emaciation v ere quite pro 
nounced A numbei of cutaneous lesions were distributed over the body as fol 
lows scalp and left e 3 'e, chin, back of neck, shoulder and forearm, right arm and 
thigh and right side of chest and back Tliese appeared to be ruptured pustules 
the site of which was healing and coveied with a crust or extending, producing 
a characteristic papillomatous ulcer Subcutaneous abscesses from 1 to 7 cm rn 
drameter existed beneath the skin of the scalp, above the right eye, left cheek and 
forearm, left thigh and light forearm The left ankle was swollen and tender, 
especially over the internal malleolus Motion was painful and walking difficult 
The inguinal lymph-nodes were slightly enlarged On examination of the chest 
impaired resonance with diminished transmission of breath and voice sounds were 


present over the apex of the right lung anteriorly and the base posteriorly Both 
apices were dull on percussion posterior Ij', and increased breath- and voice sounds 
were heard No rales were noted Nothing of impoitance was found on fuithei 
examination A diagnosis of blastomj cosis was made by Dr Ormsby, who had 
seen the patient some time before, and this was corroborated by the demonstia 
tion of the organisms in the pus and also in the sputum lire pulse was 80, tem 
perature 98 6 F , respirations 24 Although very ueak the patient was able to 
get up and move about the ward A high evening temperatuie developed in 
tlie next few days, and on January 19 the patient was compelled to remain in 
bed because of pain in the left ankle An examination of the blood at this time 
showed white cells 8,600 per cubic centimeter, red cells 4,464,000, hemoglobin 
72 pel cent Two da 3 's later the leukocytes numbered 10,800 pei cubic milli 
metei A differential count showed the follouing pol 3 morphonuclears 87 per 
cent , small inononucleai s 2 35 per cent large mononuclears 7 per cent , eosino 
phils 1 7 per cent , tiansitionals 1 1 per cent , m 3 'eloeytes 0 6 per cent An exami 
nation of the urine also was made but nothing abnormal found 

Tieatment and Gouise — The patient was given potassium lodid in doses 
fiom 16 to 90 grains pei da 3 ’’ during his sta 3 ' in the hospital Laigei doses 


could not be given because of intolerance 

From Januai 3 ' 23 to February 25 in]ections of vaccine prepared from the 
filtrate of old bouillon cultures of blastom 5 'cetes ueie given in doses vai 3 ’ing from 
2 to 10 minims Dining this time the patient improved consider abl 3 ’’, the pain 
in the ankle gradually subsided, the pulse and tempeiature became normal and 
seaeial large abscesses ueie opened and began to heal At this time 2 cc of the 
filtrate ueie given and was followed by a rise in temperatuie to 101 and an 
exacerbation of the local lesions The tempeiature gradually decreased to 99 0 F , 
and on Maicli 2 and 3 two more rnjectrons of 5 minims each w'ere gnen followed 
Ts-wt r-.lt ttt +tiTVTrvOV»t +nrp Uiif -nn imurnvpment The imections were discon 
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•timied at this time I lie tempenliire a few da\s later hecanie irregular and 
high, using at limes to 103 new ahste^'Ses appealed and the old ones inci cased 
in sire Ihc geneial condition giadualh hecainc woise and the cough inci eased 
111 seteiiU until .\piil 11 when death occunod Dining the li^-t few da^s of 
the patient’s illness a iigidih of the neck slight sliabisnins, exaggciated reflexes, 
and a positite Bahinski sign weie noted 

Ncciop^y — The post-moitem exaniinition made Apiil 11 concluded with the 
tollowing inatoniicil diagnosis chrome hlastonncosis of the upjiei lohe of the 
left lunc, eiosion of the third and fouilh thoincic icitehi lo blastonn colic 
abscess of the loot of the light lung disseminited miliait hlastonncosis of the 
spleen and Inei blastonn colic Insilai meningitis ibsec«scs of the ]uoslale, pen- 
toiisillar tissues ejuduhmis skin (with iilceis) and subcutaneous tissues canes 
of the fool-bones multijile infci<os(al subpleiiial abscesses blastonn colic tra- 
chcobionchi \1 iMiijihadenilis ribiinous and filiious ]denrilis fibrous perito 
nitis emaciation and iiumia biown atropln of tlie heiit atiopln of the Inei , 
slight scleiosis of the aoitn and coionaiies cmplnsenn of the lungs, ossification 
of the tliMoid cartilage 

Some parts of tiie description of the«c alteialions ue of considerable \nlue 
in gning to the uader clcir notions of the disease this jieikuns cspccialh lo 
the descii])tion of the exterior of the bodi 

“the hod\ IS that of a niueh eni iciated man with sunken abdomen He 
measures 100 cm in lenglii IIis hair is black ind there is a sjiarse black 
heaid 'Ihc eirs aie sniali ,ind junehed 'ilicie are crusted lesions on the bod\ 
and face as follows o\ci the light e\« on the bridge of the nose, the hft o\e 
including the lids oier the left /igomntie ireh on tin thin in tlie median 
line m front of the right eir uid 2 I (iii outside of tin left ingle of tin mouth 
'Ihe largest is that iinohing the hft o\c this is the si/e of a half dollni the 
next largest is tint hetwoen the e\ehiows thin in oider aie the lesions on the 
chin the outei ingle of the mouth and om the light eie 'Jheie arc two lesions 
oici the right tni coieied In tiiists All hsions when piessed on exude a thick 
giax pus A nodule is felt in the neck behind the light stei noch idoniastoid the 
sire of a walnut 'Jheie aie dn ciiisted lesions at the jio^teiioi iiiaigin of this 
muscle, behind on the neck in the median line just below the sjnnoiis piocess of 
the first conic il leitebra and two tiiigms’ bieadth below this, all Ibo si/e of 
a dime riuctuation cm be made out behind the m vstoid process on the left side, 
the region iinohed is the si/o of the teniiinal phalanx of the thumb, it extends 
foi two fiiigtis below this and a litth lo the left 'Jheie is one small enisled 
ulcer on the hack ocer the spine of the loft stajiiila a sciniid one o\oi the middle 
of the light sciinila and a thud lesion opjiosite the thud thoiacic xeitcbia a 
foiiith occuis o\cr the angle of the tenth iib on the left side All these lesions 
aie flat, little moie than jugmented scaling spots rtlain othci lesions nie pies- 
ent occr the lest of the boih Of these eight aie on the tiunk sex on on the uppei 
extremities and eight on the lowei extremities One of the lattoi just liclow the 
right knee is an abscess whicli has ruptuicd 'J he skin aioiind it is coxcied by 
a blown ciust, an incision into this domonstiales conneclion with an oioded 
bone Ihe abscess is oblong 8 cm long and hing along the outer aspect of the 
tibia Ihcre is anothei lesion oxei the light thigh one band’s bieadth below the 
anterior supeiior spine It is 4 cm across, cuculai in outline elevated, fluctu- 
ates and the skin oxei it is not changed 

“Ihe circumfeience of the tiiink at the naxel is 59 cm Ihe light aim may 
be spanned by the thumb and middle fingoi , as max' also the legs The i ight thigh 
in its middle measuies 28 cm” 

Ihe alteiations in the lungs weic in manx' respects like those repeatedly 
noted “The right lung weighs 5.55 gm It floats well above the suiface, it is 
mottled externallx' w’lth biowiiish iiieguku spots which aie a little sunken 
and most of which are 3 to 4 mm in sire Deep in the fissuic betw'een the lower 
and uppei lobes is a patch of gieenish exudate the sire of a fingei-nail The 
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diaphiagmatic suiface is cupped and blown in coloi Tlie lung is crepitant 
throughout The borders are pink and giay, a little lounded and elastic In the 
main bionchus there is a mucopus, the lining is smooth and the pus is blood 
stained On section theie is exposed neai the root an abscess sui rounded by 
dense tissue, the contents of which are the same as the othei abscesses, a thick 
gray green The cavity is small and would admit an object the size of a pea In 
the lowei lobe a grayish legion of consolidation is seen, this is elevated above the 
cut surface It is 2 cm long, has a grayish j'ellow iriegulai margin and is located 
about the( middle of the lohe Ihere aie piactieally no changes in the lemainder 
of the lung The lung contains bright led b’ood The left lung weighs 455 gm 
On removal it is torn and the torn suiface is twice the size of a dollai Theie 
aie adhesions at the apex wheie this torn region lay along the left side of the 
upper three thoracic veitebrae On the whole the left lung externally is similar 
to the right It is of a light feathery consistency and there are small, pea sized 
flat black, flim elevations of coal deposits on the lover lobe in the fissure In the 
region of the apex the lung is somewhat consolidated On section the cut suiface 
contains a good deal of bright red blood The bionchi are like those of the light 
lung as regaids their content The lung undei the torn region is dark and beset 
with minute pin-head-si/ed regions of softening The region of consolidation 
about the torn apex is 10 cm in diameter 

“Theie was a small abscess 3 mm in diametei in the left lobe of the prostate 
In the globus major of the left epididymis there vas another small abscess” 
Moie inteiesting than any of these were the changes in the biain and meninges 
and of these the following lecord was made “There are two spots in the dura 
mater over the anteiior portion of the left parietal lobe the size of a penny, and 
corresponding to them the bone is pink Over the base of the hi am theie is a 
thick gray pus oi flbrinopurulent exudate, thickest about the ciicle of Willis, 
where the chiasma and corpora mammillaria are completely hidden This exudate 
extends out into the beginning of the Sylvian fissure back over the pons and 
medulla and for a distance equal to the rvidth of two fingeis From these stiuc 
tures it gradually thins out on the inferior suiface of the ceiebellum When 
sectioned horizontally theie aie exposed in the fundi of the sulci aggregated, and 
in places single, minute gray regions, some scaicely visible, othei s, especially 
on the right side, are so large and numerous as to form a maible sized lesion 
All of these deepei lesions are but extensions of the external process and in none 
of the sections made are there deeply placed focal lesions which require an 
embolism of fungi to explain then occuirence The dura coveiing the basilar 
groove of the occipital bone is roughened for an area the size of a split pea, the 
bone beneath is unchanged ” From the cerebrospinal fluid and from two of the 
subcutaneous abscesses the blastomycetes were recoveied in pure culture In 
cover-glass preparations of the purulent material used no bacteria weie found 
The peritoneal fluid and the blood of the heart proved to be sterile 

Histological Examination — A careful examination of the vaiious viscera failed 
to reveal any Jesions in the internal oigans other than those noted in the post- 
mortem examination The usual changes were demonstrable in the chionic 
blastomycosis of the left apex, the peritonsillar and prostatic abscesses, possessed 
walls similar to the subcutaneous abscesses The abscess in the peiitonsillar 
tissues in the sections examined apparently had not originated in the lymph 
node, for the immediately adjacent tissue was striated muscle, nor did tlie sec- 
tions suppoit an origin in the tonsil In the tracheobronchial lymph nodes the 
lesions V ere small and in all other respects like those found in othei cases n 
the sections of the dura over the clivus of the occipital bone both fungi and gian 
cells veie found, but the minute focal lesions veie pressed out flat and lay 
between or on the heaA-y fibers of the dura much like the similarly compressed 
“miliary abscesses” seen in the thickened pleura of other cases 
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C\SF XXVIH (10) — i/is/o)i/ — A F HHVH ajfi'ii 10 cHleicd Ihc hosjntvl 
April 1.1, 1000 to the ‘■onico of Dr Onn‘'h\ lie ‘.(iiled on iulnn‘5‘'ioii that (on 
months .ajio he ovine fiom llohomm whole he lived on a farm and li.is suite 
worked as a tailor in a swmt shop on the south side of ( lucafio Ills illne-'S 
began eight weeks ago .it which tune he tonghid imioh e\petto) ating a nniio 
purulent inateiivl which ofUn was tnvgvd with blood Ihiee weeks lalei a small 
painful swelling div eloped on the hitk of the light hand 'Ihis has since 
iiitreased in si/<‘, and lluctuition has devidojaal At about the sunt tune a 
tondeine«s in the light tvsticle was ovjiei lencetl (hi otlni jiaits of the bodv there 
developed snttessivelv a number of tufantoiis uid sulKutaneous ihstissm l be 
patient has lost about 20 jiounds in weight suite the onset and is at pu'sent vcrv 
weak and !« nnahle to woik 

Lxcimnialwii — ShoilK iftei ndinissinn the tenipei Unie was nonnal, pulse 00, 
icspnations 2} Kinatnlion was ijinte marked and abscesses vaiving in di inieler 
from Y 2 to 1 inthes weie distnhuted ns follows on the foieiiead, (wo on the nglit 
side of the head and netk, one ovei the left deltoid icgmn and one in the si\th 
rih, two on each aim one in the left calf and one jnst aliove th(> heel on the 
same «ide Ihc left globus nmjoi was somewhat enhiigid and quite tendei A 
slight dulness was noted ovci the right lung postenoih being nioic niaiked ovci 
the upper lobe, wheie occasional moist lalles, hnish hi eath sounds and incieasid 
vocal fioimtus weic lieaid Prolonged e\pnuloi\ In eath sounds cner tlio apices 
were also found The hcait was nonnal in si/e and a soft svstolic mmninr was 
hcaid over a limited area at the a}i<\ 

'Jhe case was at once r.-cogni/ed as svsteniic hkistoinvi oms and, as expected, 
mam oiganisms weie found in a sme.ir made from pus isjin Ued fioni one of 
the abscesses qhe oiganisiiis weie also siihseqnenth obtained in pnie cultmcs 

In an oxanniiation of the spnluni, which was hloodv , no tnluicle bacilli weie 
found, hut hlastoimcetcs weie ahnndant '1 hese aeie also found in the sedi 
ment of sevei.al centrifuged sjiecmnns of mine which otheiwisc weie noinia! 
One week aftci ndniission the jiatient was anestluti/ed and all of the abscesses 
weie evacuated and sw ihliod with tinctme of lodin 'Jhe abscess of the hack of 
the liand was found to he associated with neciosis of the thud and fomth meta- 
caipal hones and these lesions aie quite evident 111 a loentgonogiani taken at 
that time Imniediatelv aftci the ojieintioii the tciiipe latnie, which pievi 
ously h.ul been nonnal, lose to 100 1 F, and this lepiosented tlio high tem- 
peratme foi the next few d.ivs, dining which time the patient coniplaincd of a 
pain in the back Apnl 2'5 a piofiiso nasal he 11101 ihnge occniied In oidci to 
detcimine vvhethei this patient would loacl to the injection of a blastoni'\ cotic 
vaccine in .a. maniiei snnilai to othci cases, Ice of a filtiato of homllon cultnie 
of hlastomycctos was injected snhcnt.niconslv, Apiil 27 'I he tempciatuie on 
previous days between 4 and 8 p ni had been 100 4 F, associated with a pulse 
of 100, lespiration 22 On the 28th, one d.iy aftoi the injection, the tempeiature 
was 100 G F at noon and at 4 p m was 102 G F , pulse 108, lespirations 24 On 
the following day the high Icnipeialme was again 100 4 F and lias leniained at 
about tins point Inci eased pain 01 changes in local lesions weio not noticed 

A diffeieiitial count of the leukocytes made hefoie the injection showed poly- 
Tiioi phonucleai s 68 pci cent , laige mononucleai s 17 pev cent , small inononn 
cleais 13 pci cent , eosinophils 1 pei cent Aiiotliei examination made May 3 
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resulted as follows leukocytes 7,000 per cubic millimeter Of these the poly- 
morphonucleais constituted 62 pei cent , large mononuclears 13 per cent , smalli 
mononuclears 22 pei cent , and eosinophils 3 per cent The hemoglobin by both 
Dare and Sahli Gowei instruments was 57 pei cent 

Treatment — Potassium lodid was administered in doses which weie gradu- 
allj'’ increased to the extent that on May 3 the patient was receiving 70 grains 
three times a day He was kept in the open an as much as possible and h 
nutritious diet given In spite of this the patient seemed to glow weaker and on 
May 5 six new abscesses about an inch in diameter ueie found to have developed 
in the extiemities, and the patient complained of pain in the back and left foot 
In the latter a small, tender swelling about the second metataisophalangeal junc- 
tion uas found Eoentgengi ams were taken of this legion and also of the light 
hand and the sixth rib, in which lesions existed as described 

On July 12, 1909, it was noted that the patient’s general condition was 
somewhat less favoiable A number of abscesses had healed and new ones had 
occuried as follows one over the right scapula, one in the right forearm just 
above the wiist, one in the left arm, and one under the right eye The right 
shoulder was veiy painful and on close examination the acromial process of 
the scapula was found to be involved to the extent that displacement was pos 
sible The right thigh also Mas very painful, but no superficial abscess could be 
found The lungs -were involved to a gieatei extent than before, but no other 
visceral changes weie noted Fiom this time the patient grew giadually iveaker 
and many new abscesses appeared Death occuried December 13 The neciopsy 
repoit IS as follows 

Necropsy — The body is that of a young adult white male, 158 cm in length, 
considerably emaciated The hair in the back of the scalp is woin off On the 
left side of the forehead near the hair-line is a small triangulai scar 2 cm m 
diameter The eyes aie sunken The facial muscles are atrophied Just below 
the left 01 bit is a supei ficial skin lesion, about 1 5 cm in length, slightly elevated 
and ciusted A similar lesion, someuliat hemorrhagic, is present near the right 
ala of the nose 

Just above the tip of the left shoulder is an ulceiating skin lesion measuring 
5 by 3 5 cm The maigins aie puiplish, contain scar tissue and are slightly 
eleiatecl, the floor of the ulcer consists of the ligaments of the shouldei joint, and 
an aiea about 1 by 2 cm seems to connect with the shoulder joint The anterior 
aspect of the left shouldei shoivs a soft, egg shaped swelling 2 cm high which 
fluctuates On the right arm half ivay between elboiv and shoulder on the lateral 
aspect IS an ulcer measuring about 4 by 5 cm The margins aie scaicely laised, 
and in the floor exposed musculai tissue may be seen The right elbow can be 
extended to an angle of about 120 degrees, crepitus is felt, a soft fluctuating 
mass IS present on the posteiior surface just above the olecianon On the volar 
surface of the light foieaim about 5 cm below the elbow is an elongated pig 
mented scar A few other small scait, appeal loiver dovn on the foreaim Motion 
of the iviist IS much lestiieted in all diiections, and crepitus can be felt and 
heard On the back of the right hand, over the middle metacarpal is an ulcer- 
ated area about 1 by 3 cm , communicating ivith the subcutaneous and intei osseous- 
tissue, and on piessure a small amount of mucoid yelloivish mateiial can be 
expressed About the base of the fiist metacarpal, a purple fluctuating area 
may be felt On the ladial aspect of the left foieaim about 6 cm below the 
elbow IS a ciusted skin lesion about 2 by 0 5 cm 

Posteriorlj^ just aboie the spine of the right scapula is a skin lesion about 
1 5 cm in diameter communicating Math the deeper tissue, from Mliich a small 
amount of jellOMish mucoid material can be expressed Just below the level 
of the tMelfth rib at the light of the spine aie tMo small fistulous openings 
in the skin surrounded by a purple aieola, fiom mIucIi a small amount of necrotic 
material can be expressed On the right side, about 1 cm above the lei el of 
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the iliac ciest is a small ulceialcd lesion fiom which a yclloiMsh cloiulj liquid 
escapes Oiei the sacuiiii is a huge decubilal iilcci incasinnig 12 4 cm Both 

hips aic aiihjloscd in a semiflc\cd position, and in the left liip ciepitus is evident 
A musciilai contiactiiie holds both knees in a semi flexed position About the 
right knee on the antciioi suifacc aic many aioas of cicatiic.il tissue of vaijing 
sizes Just aboie the left patella is a supoifici.il skin lesion mo.isiiiiiig 4 bj 2 
cm coieied b-^ thin pnpcr 3 scales of epidermis Neai this and to the left of 
it is a similai lesion .ibout 1 cm in diametei On the aiiteiolatei il aspect of the 
left log about 15 tin belou the knee is a small siipeificinl iilcoi 'JJie anteiior 
boideis of both tibiae aie leiy slinip and someuhat ciined lateialh 'ilie left 
foot, especially on the doisuni, is swollen and pulU Between the fiist and sec- 
ond toes of the left foot is a lagged ulcei about 1 cm iii diamctei fiom which 
gi unions mateiial can be expicsscd 

When the abdominal caMti is opened, the peiitonoum is smoolli and shining 
The omentum is devoid of fat, and is i oiled up transiciseU The lower bolder 
of the Inei lies about one fiiigei s bieadth aboie the costal m.iigiii iii the iiiain- 
man line Ihe appeiidiv lies oiei tlie bum of the pehis, it is about 5 cm in 
length, IS fice fiom adhesions and nppeiis iioimal It has a mesenten of its own 
foi its entile length 

Ihe right plcuial caiiti has postenoih and laterilh a considcinblc number 
ot easily bioken adhesions The lung is aBo somcwh.it adheicnt to the diaphiagm 
Hus caMti contains no fluid 'Jhc loft plcuial caiiti is fue fiom adhesions and 
fluid, except at the le\cl of the fifth rib whcic it is liinih ndheioiit fo the chest 
wall At the site of this adhesion, the fifth rib foi a disfancc of about 2 cm is 
considorabh cioded, the osseous tissue lieing juncticalh .ibsent 

Mhen the pericaidial caiiti is ojiened ihe peiicaidinm is smoofli .ind sliming, 
and contains .i small amount of ficc fluid 'Jhc heart is rathei small On the 
aiiteiioi suiface of the light ^elltlIcle is an area .ibout 1 b\ 2 cm wliuh is light 
in coloi, slightlj eleiated and somewhat thickened 'Jhe miti.il oiifice admits 
the tips of two ftiigeis 'Jhe left teiitiido is fiiinli coiiti acted 'Jhc imiscul.iluie 
IS lathei pale 'llic wall ineasuics n nun 'Jhe initial Miho is noinial in 
appeaianee 'Jhe foi.imeii oi.ile is closed 'Jhe aoilic oiificc lulinifs one fiiigei 
leadili Hie aoitic leaflets me iioininl in ippeu.iiice, as is iiBo the b.ise of the 
aoita Ihe tiicuspid lahe .ippoais iioimal as do the puliiionan iiiten and pul- 
monic ^ahe The .irca refened to on the antoiior wall of the light ^cntllclo is 
confined chicfli to the peiit.udium, but a small whiti-h niea extendb into the 
musculatuie 'Jhe weight of the he.ut is 200 gin 

'Ihe spleen weighs 200 gin It is somewhat cnliuged the surface is smooth, 
the coiisistenci is fiim Kc.ii the uppei pole on the niiteiioi and Intel al sin face 
IS a slight constiictioii maikiiig ofl a small lobule 'J he suifacc is jniiplish, the 
capsule stnps with diflicult^ On section, the coloi is icddci than usual, the 
mai kings aie f.aiilj distinct 

The tongue, tiachci and esophagus appe.ii iioimnl 

Ihc light lung weighs 450 gin 'Jhe lung collapses somewhat, it ciepitates 
feeblj' It shows cMdeiices of tibious adhesions on all except the antciioi suifacc 
The uppei lobe feels fiiiii, but no small nodules can be felt On section the lung 
18 light led, on piessme a small amount of fiothy fluid can be expicssed At 
the base of the uppei lobe i^ an men which is film, daik puiple and aiiless On 
piessuie, no fluid escapes fiom the aheoli, but a small amount of piiiulcnt 
m.ateiial fiom the mouths of the smallei bionchi At the uppei edge of this aiea 
IS a pea si/ed cavity containing a small amount of yellow inueoid mateiial 'The 
left lung weighs 400 gm 'Jhe suifacc is fiee fiom adhesions except at the base, 
and at the low'cr maigin of the uppei lobe Veij' little ciepitataon is felt On 
section, the lung is light in coloi, and on piossuie a veiy slight amount of fiothy 
fluid may be expiessed 

The panel eas is noimal in appeaianee and consistency except that the lobules 
are rathei pooily marked On section it show's no pathological change 
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Ihe liver with the gall-hladdei weighs 1,700 gm The gall-bladder contains 
a moderate amount of dark bile and no stones The suiface of the hvei is smooth, 
its color IS mottled pinkish On section the coloi is a lathei muddy yellowish 
brown, the maikings are faiily distinct, on piessuie a small amount of bloody 
fluid IS evpiessed 

'Ihe stomach is about noimal in si/e The lugae are well marked The 
mucosa appeals normal 

The kidneys together weigh 450 gni The left kidney is the laigei of the 
-two. The suiface is pink, and is somevliat iiregulai The cut edges do not bulge 
The-capsule stiips readily The color is pale The latio of coite\ to medulla 
IS 12 18 The markings aic indistinct The light kidney is smallei, but othei- 

wise coi responds to the description of the left 

At the level of the fouith lumbar vcrtebia on both sides are found abscesses 
On the light side the abscess has bui rowed laterally about 9 cm beneath the 
posterioi abdominal wall Inferioily, it has buriow’ed far below Poupai t’s" liga 
ment On the left side the abscess has bun owed hiteially but a short distance 
Infeiiorlj^ it has bun owed fai below' Poupait's ligament Both abscesses have 
pointed posteriorly The right side of the body of the fouith lumbar veitebia 
IS somewhat roughened On chiseling into it, an abscess cavity is encountcied 
which occupies about one thud of the bodj' of tlie veitebra It contains a 3 'ellow' 
mucoid material The third and fifth lumbai veitebiae show no gioss lesions 
The caitilage hetw'een the fouith and fifth lumbai leitebrae is quite soft 

The large intestine is negative The low'ei poition of the ihum shows a num 
her of small congested aieas, but otherw'ise no change 

inatoiincal Diagnosts — Geneialized blastomycosis involving skin and sub 
cutaneous tissue in many regions, left shouldei, right elbow, light waist, left hip, 
fourth lumbar vertebra, right lung and left fifth rib, adhesive pleuritis — 
bilateral, passive congestion of liver, acute splenitis, chionic paienchjmatous 
nephritis, bilateial psoas abscesses (blastomjcotic) , consolidation at base of 
right uppei lobe w'lth small abscess (b]astom 3 cotic) 

Blastomycetes w'cre recoveied in puie culture from the ca\ity in the light 
lung, and w'eie found in smears of the pus fiom all of the abscesses, but onlj' in 
the lung ivere they numoious The snieais weie examined for tubercle bacilli, 
but none weie found The micioscopical examination of tlie tissues w'lll be 
repoited later 



A CASE OF SYSTEMIC BLASTOMYCOSIS 

PHILIP FRANK SIIAFFNER, yiT> 

CHICAGO 

Casl XXIX (11) — ;/is/ 0 )j/— J D, ngod 30, llung.in.ui, lins lesuled in 
Hus eovuRn foi About tuo jcais uiul speaks uo EughHi He was tiisL emi)lo\e(l 
111 West Pullman, 111 foi a slioit linic, woiking in a foniuln 11c nevt woikcd 
in the tai shops, assoiling and piling on ti ticks the sanons kinds of wood 
Patient declaies that his lugicnic conditions have alwajs been good (good \enti 
lation, no aainpncss, etc ) and that he has slept alone in a loom which he 
desciibes as being dij and laige enough foi two beds 'Jhcie is no hi^'toij oi 
an\ othei occupant of the house haMiig had tlic same tioublc ns his 

Patient dates his illness from Oct 1, 1000 lllne‘.s started with a bid cold, 
a «eieie cough and pain in left side He does not know if he had ftici Ihicc 
weeks latci he began to cough up blood, at times in laige amounts, and he his con- 
tinued to haie bloodi expectoiations daih, two oi thicc in niimbci since tlien 
He became daspncic shoith iftei the onset of his cough He does not know how 
much weight he his lost but he weighed IfiO pounds at one lime bifoii !iis 
illness stalled At luescut lie weighs about 110 oi 120 jioiiiids lit has bid no 
night sweats and thinks ho has hid no feiei whateii'i duiiiig his suknr'-s His 
appetite his been good Xo histoii of bloodi oi abnoimal numbei of slools tan 
be obtained Patient states he has not lomiled oi siilleied am ejngastiic dis 
comfoit 'JlKie his been no jiain on uiinalion but he tomjilains of a constant 
pam in the hack which has been so seicic as (o me ipacitate him iiid at tiuii s kc p 
him fiom sleeping Coughing his now ceised for the ji.isl two weeks 

•Ibout si\ weeks ago the pifsent lesion oin the light iie appeiied \ few 
dais Intel a second smiilai lesion was nolid oici the left eii I hc'C wne foi 
lowed in lapid succession In iiunieioiis alnie'-sis elspuheie on the fate o\li enntics 
and tiunk, and weie aKompanicd In the usual -igiis and simptoms of am 
oidinarj localized skin infection He has been getting weakci all the time and 
now is unable fien to sit up iii bid 

'Iho patient entcied the took Coniiti Hospital Dee 2 l‘)()'), and was admitted 
to the 'iubciculosis Hospital witb the diagiiosm of jmlmonaii tubciculo'is It 
was while there that be dei eloped the skin lesions winch aroused the cuiiositi 
of the intein who consulted Di 0 S Oimsln ns to their natine 'Jhe lattci 
made a diagnosis of sistenuc hhistomicosis and patient was tiansfeiied to the 
Skin and Venereal Ward on Di Oiiiishv’s scj\ice While lie was at the luher- 
culosis Hospital, three spiilnm eiaminations were made foi the picsence of the 
tubercle bacilli hut with negaliic lesults 

Ihe man’s family histoiy thiows uo light on the eliologi He is uuiiiicd and 
has tivo children living and well Patient dunks seieinl whiskies and .ihout one 
pint of beer daily Smokes model aleli Had gonoirboa five jeais ago 'Ihice 
years ago he was ill for eight months with a disease of unknown nalvne He 
says that he felt weak, coughed, had uo night sweats, and lost little weight At 
this time he had no skin lesions of any soit 

Examinaiion — ^Physical c\aminaiioii, Maich 5, 1910, eliciled the follow'ing 
The patient is voiy much emaciated, highly anemic with a lemon tint to skin, 
he appears very ill, and is too weak to move about No cyanosis oi dyspnea No 
edema of extremities, etc 

Multiple abscesses aie scattered diffusely ovei body These aie of two types 
Those of the face aud scalp arc crusted, globulai, about the size of a large hickoiy- 
nut, brownish red and sunounded by a slight inflammatory zone Some have 
niptureJ, and exude a thick jellowish mucoul mateiial These lesions aie seat- 
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tered diffuse]}^ about the face and scalp Those of skin of e\tieniities and trunk 
are not crusted, the oveil 3 ung skin is hut shglitlj’- inflamed even in the ease of 
the laige abscesses and those of great tension All aie painful on pressuie and 
pi event the patient fiom moving about Aiiteriorlj' on the chest wall over the 
seventh iib at its junction to the steinum is a small fluctuating abscess appaiently 
connected with that iib Likewise an abscess over thp region of the sixth dorsal 
vertebra appears to have communication with the lateial process of that vertebra 
The tongue is badlj^ coated, there is moderate pj or rhea alveolar is, the breath 
IS foul and lieav'j', tonsils moderately enlarged A large submaxillaiy lymph- 
node about the size of a small hen’s egg exists on the left side of the neck, it 
fluctuates and is tense 


Litten’s sign is absent on right side of the chest There is marked emaciation 
of chest wall with depression of superclavicular spaces Motion is lestiicted in 
both sides 

Dulress is obtained on tlie left side posteriorly ov’er lower part of upper lobe 
and entife low'er lobe, and also impaired resonance of right apex, and over entiie 
left lung anteriorly 

Bionchial breathing with fine crepitant iTles, increased vocal and tactile 
fremitus, and exaggerated wliispeied sounds are noted ovei the dull area pos 
terror ly on the left side jMueous clicks aie heard ovei the left lowei lobe 
posteriorly 

Anteriorly a few idles are heard in both axillae, and also fine ciepitaiit 
riles in both apices The i Tiles of the dull area on the left side are few in num- 
ber • — the breath sounds aie harsh and roughened with a model ate prolongation 
of the expii itoiy murmui The findings on peicussion suggest an adv'anced 
pulmonary tuberculosis, while the auscultatoij' findings would indicate an incipi 
ent stage of the disease No signs of abscess cavitj' can be elicited The lieait 
is enlarged a little to the left, and on auscultation an apical sjstolic muiinur 
can be heard 

The pulse is small in volume and model ate in tension, with a tendency toward 
dicrotism 

The spleen, liver and kidnej's are not palpable 

Except for some adenopathy of the inguinal lymph nodes, further exami- 
ation was negative 

The patient’s temperature ranged from 98 4 to 103 4 F , with peiiods of nor- 
mal temperature for daj's at a time No cbaracteiistic ev^eiiing use or morn- 
ing subnormal temper atuie is recorded 

The respirator}^ rate varied from 20 to 36 accoiding to the tempei atuie 

The pulse rate ranged fiom 86 to 110 

Urine Specific giavuty 1 020, acid, cloudy and ambei coloied, no albumin, 
no sugai Micioscopieal Few^ bj'alin casts, few' leukocytes, many urates and 
phosphates, no blood microseopicall}' or chemicallj' 

No blastomycetes were found in the urine on repeated examination 

Blood Hemoglobin 48 per cent (Dare and Sahli) , eij'thiocj'tes 1 600,000, 
color index 146+, white cells 22,000 Differential count polj morplionuclear 
neutrophils 86 per cent , eosinophils 1 per cent , mononuclears, large 9 per cent , 
small 4 per cent , moderate poikilocj'tosis 


Blood cultuies were negative 

Sputum was negativ'e for tubercle bacilli and blastomj cetes 
Feces Negative for blood (Webei) 

The Wassermann test w as kindly made by Dr J H Waugh, and was nega ive 
A subcutaneous injection of tuberculin (Koch’s old), 0 02 
increasiim 0 04 mg each dose for three successive doses at intervals of three 
27s lS,s done d»i.ng the pei.od of np, . - after the het dose, the 

fcn.peiatme ans 101 + F and remained about the same for the follou.ng feir 
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days, ■\\hcn it again became iioimal Because of the iiiegulai teiiipoiature 
ciiive, little iiiipoi lance as to the piescncc oi ab‘.encc of luhoiculosib can be 
attached to the icsnlts 

A diiect sineai fioin one of the intact abscesses mounted in 20 pei cent potas- 
sium hvdioxid showed the chaiacteiistic moipholog\ of the blaslonn tetos — bud- 
ding foims, etc Cnltuies fiom two skin lesions showed the oig.inism in pure 
cultui e 

In summaii/ing it is noted that this case icsembles pulmonau tubeiculosis 
in the following onset with cough hemopUsis, loss of weight and sticnglh, 
marked eimciation, lung findings 

In this legal d it is noted that the ausciiUalon findings aic insignificant ns 
contiasted with those elicited on pei cii'^aion, niimeh, an niea of giealh impaired 
resonance will gne few or no i files, etc 



MULTIPLE PEIMARY MALIGNANT TUMORS 

WITH A EEPOET OP TWO CASES IN DOGS 
FRANK K BARTLETT, M D 

CHICAGO 

Multiple primal y malignant tumors occurring in the same individual 
are compai atively rare Gotting’^ in over a thousand necropsies on 
malignant giowths encountered only two eases, von Hansemann- in the 
same number of neciopsies found five, Redlich- in 607 cases had two, 
Reichmann^ in 711 cases also had two Seveial writers look on these 
spoi adic case'! as purely accidental, while others, as Adami,® Wooley^ and 
Williams,'' attach consideiable importance to them, especially in the fur- 
ther eonsideiation of the nature and etiology of malignant tumors 

In the vast majoiity of cases, single malignant tumors originate fiom 
a single type of tissue, that is (foi eiample), the squamous epithelium, 
the low cuboidal cells of the mammary acini, oi the connective tissue 
Malignant tumois are laiely composed primarily of both a transfoimed 
epithelium and of a tiansfoimed mesoderm Until 1901, Wells® found but 
three undoubted eases of this type, including his own case,' the so-called 
saicocaicinomas, all of which had developed fiom the thyroid gland In 
Wells’ case the primaiy tumoi uas a mixture of a carcinoma with a sar- 
comatous stroma, giving metastases of puie carcinoma, of puie sarcoma, 
and of a mixtuie of both Heixlieimei,^ in 1908, collected from the liter- 
ature repoits of twent] cases of caieinosarcomatodes occuiring in man 
There aie many cases of this sort of tumor reported in the literature 
that aie not true caicino'^aicomatodes, but are mixtuies of two entirely 

* From the Department of Pathologv, University of Illinois 

* Submitted for publication Dec 10, 1913 

1 Getting, H Zur Multiphzitat primarer Carcinome, Ztschr f Krebs 
forseli , 1908 1909, viii, 675 

2 Quoted by Getting (See Footnote 1 ) 

3 Adami, J G Concerning the Causation of Cancel ous and Other New 
Growths, Yale Med Jour, 1901, vii, 309 and 343 

4 Wooley, P G Notes on Multiple Primary Tuniois, Boston Med and 
Surg Jour , 1903, cxlviii, 1 

5 Williams, R Bilateral Tumors — Malignant and Non Malignant, Lancet, 

London, Feb 1, 1910, p 426 ^ t, j 

6 Wells, H G Multiple Primary Malignant Tumors, Etc , Jour 1 ath and 

Bacteriol, June, 1901, p 357 

7 HerAeimer, G Ueber das Carcinoma Sarcomatodes und einer einschi igigen 
Fall des Oesophagus, Beitr z path Anat u z allg Path , 1908, \hv, 150 
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sepaiate tumois, namel}, a sarcoma and a caicinoma, eacli liaMiig ongi- 
nated separatel} and latei liaMng so Ihoionghlv ini\ed one anotlier 
as to gne the appeal ance of a tumoi of single oiigin Sncli a case is 
reported b-\ Spencer/ in mIiicIi a carconia and aclenocaicinoina occiii close 
togetliei in the iitein‘= in places ini\ed, ie=enibling a iiiie caicocaicinoma 
Closel} allied is the case lepniled h} Sehonc*’ in which theie ]« in the 
th>ioid both a ‘^aiconia and a caieinoina, clo«eh appioxiniatetl, jet quite 
distinct fioni each othei Xebe=k\ case of a ‘-pindle-cell saicoina of 
the iiteiiis togetliei with a papillar\ adenocaicinoin.i adiacent to it 
exemplifie': a siniilai condition Some of the^e 0.1=0= then aie indi=- 
tinetly sepaiated multiple primal \ malignant tumoi = 

It IS intere=ting in thi= connection to point out that Eiirlich and 
Apolant/^ b\ inoculating a t\]iieal adcnocaicinoma thioiigh ten geiieia- 
tions of mice tinalh obtained a mixed tumoi the =tionia of which wa= 
a spindle-cell saicoma the thiitcenth geneiation all tiaco= of the 
oiiginal caicinoma ti=sue had di=appeaicd, leaiing a saicoma whuh a= 
late as the tweiih -sixth geneiation wa= =till a tjpical =aicoiiia Stickci’- 
reports a siinilai expeneiiee he inoculated a s)niulle-ccll sarcoma into 
the mamniarj' gland of a dog This ie=ulted 111 the foimation of a tjp- 
ical mammal} carcinoma Like io=ult‘- ha\o been icpoited bj Lew in 
and b} Loeb Aecoiding to Ewing, in di=cu==ing the ca=e of Ehilich 
and Apolant tlieio aie foiii po=sibilitic= fii=t theie 1= a tian=foiniation 
of epithelial cells into the saiconiaiou=-appcaiing cell= =ccond, theie 1= 
a saiconiatoiis element 111 the oiiginal ti==ue thud, the stioina of the 
oiiginal tumor has become malignant and fouith, the =tionia of the 
host ha= become malignant 

It 1= the geneial conception at pic=ent that ain one malignant tumoi 
originate= fiom one =iiigle piimai} fofu=, 01 in othei woid=, that it is 
monocmiti'c Petcr=on, howeier, fioni the =tudv of seiial sections of 
eaily malignant tuinoi=, believes that a pluiiccntiic oiigin is the lule 
lathei than the exception Wooley^ lepoits a case of caicinoma of both 
adienals in w'hicli theie aie 111 all fne piimai} foci of =1111 ilai histological 
=tiuctnie The pioximity of thc=e loci, thiee being in one adieiial, sup- 
port= Petei=on’= =tand, and makes it plausible that foci =till nioie closely 
=et would at a latei stage in the giowdh of the tumoi be conglomeiate 

8 Spencei, TI R Caicinosarcoim Ulcn, Ir Obst Soc London, 1005 \1 mi, 
235 

0 Sclione, G Sarkom und Kai/inom in einei Sclnlddnise beiin Ilunde, 
X''!! chows Arch f path Amt, 1000, m\, IGO 

10 Nehesky Arch f Gjn.ik, 1004, Iwin, G53 

11 Ehrlich, P, and Apolant, H Znr Kenntnis der Saikomentwicklung hei 
Cacinom Transplantation, Centialhl f allg Path u path Anat , lOOG, vvii, 513 

12 Stickei , A Expenmentele Ei/eugung dcs Caicinoms heim Hunde, Arch 
f klin Chii 1000 xc 577 





-J. an 2i,nvai vj^iS UJ1 IJSTmiNAL MEDICINE 


and would obscme its multicentnc origin From the study of very 
eaily basal-cell carcinomas, for example, one is impressed by the diffuse 
aiea of cells, apparently all piimanly on the road to malignancy In 
discussing his case of multiple primaiy caicinomas of the adrenal gland, 
Wooley states that the adrenal cells surrounding the small primary car- 
cinoma foci appear to be undergoing malignant transformation, he sug- 
gests that all the normal cells about these foci are unbalanced and are 
tending toward malignancy It is, of course, impossible to determine 
in tumors beyond their early growth whether or not their initial impetus 
was from a monocentiic or pluricentiic origin One cannot exclude 
entirely the possibility of a local predisposition, which in a broader 
interpretation indicates the susceptibility of a certain tissue, that is, 
the skin, or fascia, oi even a system of tissue including, for instance, the 
mammae, the ovaries, the uterus and the tubes Thiersch,^® Adami, 
Bucher,^'^ Waithin,^® Wooley and others have mentioned local predispo- 
sition or susceptibility, in explanation of the oecuiience of distinctly sep- 
arated, though closely seated, primary malignant tumors 

The fact that multiple piimaiy malignant tumors are often bilateral 
and symmetrical is significant perhaps in many cases of a predisposition 
on the pait of the tissue affected This predisposition, Williams believes 
IS a developmental disturbance A great many instances supporting 
this view aie to be found in the liteiature Zangemeister^® found that 
out of thirty-nine sarcomas of the ovaries, ten were primarily bilateral 
Pick^'^ found nine bilateral primary sarcomas out of a senes of twenty- 
three cases of sarcomas of the ovaries SchubeiP® found three primary 
bilateral malignant testicular tumois out of a senes of fifteen cases of 
malignant tumors of the testicle In a senes of 114 similar ca^es, 
Kobei^® found five bilateial instances AVilliains points out that these 
malignant tumois of the testicle and ovaiy are moie apt to be bilateral 
when the malignancy has developed earlj^, and in view of this fact connects 
them with some developmental anomaty Ladinskie^® describes a case 
of sarcoma of one ovar}'^ and of a carcinoma of the other ovary in a woman 


13 Tlneiscli Quoted by Waitlnn (see Footnote 15) 

14 Bucher Quoted by Waithin (see Footnote 15) 

15 Warthin, A S Multiple Primary Carcinoma, Jour Am Med Assn , 1899, 
x-s-Mi, 963 

16 Zangemeister, D W Uebei Sarkome des Ovariums, Beitr z klin Oliir, 

1896, XVI, 397 , + i c 

17 Pick, L Zur Symptomatologie und Prognose der Sarkome des FierstocKs, 

Centialbl f Gynak , 1894, xviii, 940 

18 Schubert Quoted by Williams, W E Natural History of Cancer, Eeu 

York, William Wood Co , 1908 ^ ^ n tt 

19 Kober, G M Sarcoma of the Testicle Conclusions Based on One HundreU 

and Fourteen Cases, Am Jour Med Sc, 1899, cxvii, 535 

20 Lndinskie, L J Absence of the Uterus and Vagina with Sarcoma of 
One Ovary and Adenocarcinoma of the Other, Am Jour Obst, 18 8 xxxviii. 
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111 wliom both fallopian tubes and the uterus weie congenitally absent 
In this case anomalous einbi 3 onal giowth is quite conclu'^ively associated 
with the deielopment of the bilatcial malignancy Eolleston and Marks, 
out of twenty-si\ cases of malignant diseases of the adienals, 
found that two cases weie piimaiily bilateial IValkei*" found 
ten piimai}’^ bilateial malignant tumois out of a senes of 14] 
cases of malignant disease of the kidney‘5 Ivmtei,*'’ in the leview 
of 607 piimai}’’ malignant tumois of tlie k]dne'\, found that theie ueie 
thiiteen piimaiilv bilateial A leiy lemaikable ea'^e is cited by I^eu- 
ton,-’‘ in uhieh ten childien out of a family of ‘Sixteen died of glioma of 
the letina befoie tlicy had atlained the age of 5 yeai'’ Of the‘=e ten 
casesj se^en ueie bilateial It is “leen fiom the foicgoing imtancc'J, uhich 
aie lejnesentatne only of a cla«s of case's, that multiple primaiy malig- 
nant tumois ma-s occiii in paiied oigam, and that the peicentage of 
such cases is too high to be consideied an incidental occuiicnce These 
cases seem to indicate that a ceitain type of tissue ma^ he piedispo'sod to 
malignant tiansfoimation iiiidci fa^olable ciicum'staiiccs of nutation 
They indicate some anomaly in the cmbiyoiial dc\elopmcnt of that pai- 
ticulai set of oigans 

Excluding bilateral piiman malignant tumois of the o\ai]c'!, testi- 
cles, kidiievs and adi dial's, and al^o the caieoc aicinoma's I ha^c lOMcucd 
repoits of ninety-fne ca«os of multiple piimaiy malignant tumois, 
among these ninety'-fne case® aie included the list icMcued bv AVilliams, 
by' "Woolev and by "Wells In tliiity of the ninet\-fne cases, theie is no 
pieclileetion for any' paiticulai s\c|em oi t^pe of tissue, t^^ent^-se^en 
of these tliiitv cases aie icpiesentcd b^ both a caicinoma and a saieoina, 
while the lemainiiig tliiee cases aie icpiesentcd by onh one t\pe of malig- 
nant tuinoi Thiity'-foui of the ninety -fi\e cases occiii in the lepioductnc 
sy'stem, the mammae, the OAarics, the iiteius the tubes and the Aagina 
aie included under this head, only one case in the male is lepoited Of 
these thiity'-four cases, sixteen aie icpiesentcd by both a saicoma and a 
carcinoma, Avhile in eighteen of the thiity'-foui cases only' one ty'pe of 
malignant tumoi is piesent, that is, eithei a saicoma oi a caicinoma 
Thiiteen of the ninety-five cases occui in the cutaneous tissue, tivo of 
these aie each leprescnted by' a saicoma and a caicinoma, ivliile the 
remaining eleven are all icpiesentcd by' caicinomas Again, thiiteen of 
the ninety'-tiA'e cases occui in tlie gastio-intestinal tiact, including the 

21 Rolleston, II D, and Maiks, IT W J Pi unary Malignant Disease of the 
Supraienal Bodies, Am Joui Med Sc, 1898, n, 383 

22 Walker, G Saicoma of the Kidney in Cliildien, Etc, Ann Sing, 1898, 
xwi, 529 

23 Kustei Uehei Neiibildungen dei Niere iind line Behandliing, Centialbl 
f d Krankh d Harn ii sex Oi g , 1897, vin, 583 

24 Newton, K E Glioma of Retina, Austialasian Med Ga7 , 1902, x, 236 
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esophagus, the stomach, the intestines, the liver and the pancieas Of 
these thirteen cases, four aie represented by two t3Ties of tumors, namely, 
a sarcoma and a carcinoma, while the remaining nine cases are repie- 
sented by but one type of malignant tumor There are three cases of 
multiple primaiy malignant tumors in bones, one case in the cential 
nervous system, and one ease in the glands of internal secretion In all 
ninetj'-five cases there are but four instances wherein more than two 
primary malignant tumors occur in the same individual 

Biiefly, then, it is evident that tno-thirds of all these cases of mul 
tiple primary malignant tumors are confined to systems, while but one- 
third of the cases are miscellaneously distributed A comparison may be 
diawn between the foregoing distribution of multiple malignant tumors 
and the multiple benign tumors, especially the subcutaneous neuio- 
fibromas, lipomas, ecchondiomas and fibromas, the occurrence of which 
undoubtedly indicates some predisposition on the part of the tissue 
involved We know that each of these multiple benign tumors is pri- 
mai}'’, because metastatic distiibution can be ruled out The oft-repeated 
statement can be reiterated hei e that “no sharp line of division is possi- 
ble between the benign tumois and the malignant tumors” This fact, 
togethei with the foregoing statistics, indicates and indirectly confirms 
that multiple primary malignant tumors aie, in certain cases at least, 
due to tlie existence of some susceptibility on the part of the tissue or 
system of tissues invohed Adami points out that in the female the 
involution of all the reproductive tissues at the climacteric is in some 
way connected ivitli the very frequent occurrence of multiple tumor': m 
this partieulai system Williams believes that since the female repio- 
ductive system attains physiological maturity earlier than the rest of the 
body, its chances to develop malignancy are greater 

The type of malignant growth, as seen from the befoie-mentioned 
cases, IS not so highly important in the consideiati on of multiple priman 
malignant tumors as is the system or tissue in which these tumors occur 
Many factors, such as irritation, misplaced embryonal rests, climacteiic 
and senile involution, parasites or infection may be involved in the Imbt- 
ing up of these system tumois But behind these indirect causes which, 
boiled down, mean “irritation,” there is, as far as can be determined, 
something else which in the interpretation of to-day is called a bio- 
logic” disturbance 

This biologic disturbance may lead to a local, to a tissue, to a s\'‘:tem, 
or to a general predisposition to malignant tumor growth The recent 
work of Miss Sleye-^ at the University of Chicago in collaboration v itli 
Dr Wells, has been the most extensive research yet done on experimental 


25 Sleje, M Statistics to be published later 
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heieclity of cancel in mice 'J’licn woik goes to ‘?liow that an infective 
focus of long standing I's nnich moic apt to piodncc a malignant tiimoi 
in a cancel ons '^tiain of mice than in a non-canceions stiain, in the lat- 
tei an infectne nodule, oi peihaps a benign tmnoi, iii'^tead of a begin- 
ning malignant focn‘- ilia's le^nlt fiom tiiich an nutation l^icy 
fiiithei point out that multiple piimaiv malignant tumoi‘' aie much 
moie ficquent in these cancel ou<^ ■^tiaiii*^ of mice than in the iion- 
canceious «liains A =aicoma i*^ o'? apt to ciop out in these mice as 
is a caicinoma It appeals that in the cancel ^tiaiii-^ tlieic i'^ a definite 
lieieditaiy picdi'^po^ition and iliat tin*: picdi<-pocition i^; geiicial, includ- 
ing all t}pcs of tis‘>uc and all parte of the both '’J’lio beet woikcie m tlie 
field of heledlt^ in human cancel have eo fai failed to find anv definite 
pioof of a heicditai} picdiepoeilion to malignane^ 

c\si,-in poins 

The two cases of multiple jinman malignant glow the lepoited below 
occuiicd in Dogs A and B, both of winch weie bioiight to the laboiatoiy 
foi oidinan class-woik 

Cast 1 — ])og A m an old mile dog woiglnng np]))o\ii))nl(>l% 00 pounde In 
nn altonipl to niecrt a tiaclioal canmil.i, a large dillueoh jnfillinting and vciv 
\aeculai glow til w.ie oiiconntprrd in the region of the tlivioid (Fig 1) 

'Iluroid 'Jlio tliMOid le rnnih embedded in tbe cm roiindiiig soft tissues 
almost completclv ciiciicliiig tlie tincliea but not being iidbereiit to or ponelint- 
ing tbe lattei In places an ii tegular tbin capsule is juesoiit, but it is not defin- 
ing to tbe tumor mnsc 'Jbe tumor, winch is ven itrcgulai, is 1,1 em long and 
0 cm wide the Inrgci poition hing on tbe nglil side 1 lie Inigo Aciiis coins 
ing met and leaving the tumor nie almost nil filled with pajiillous woim-like 
tumoi tlirombi some of winch nlt'iiu a length of 5 cm 'Jbe regional Ijmpli- 
nodes are not nnohed In mclastnses, though on the left sule two oi tlncc are 
incoiporatod in the tumor mass 

llie cut suiface of the tumoi is \ei\ fibrous with soft contois oi nests of 
cells in it In places wlieic the fitiomn is cemco. the tumoi is soft and giossly 
like a small loiind cell saicomn In citliei side is a stiinll, neciotic and old 
lieniot 1 bagic region 

Lungs Hie lungs aie tbe scat of niimeions whitish gray nodules, spbeiical 
in outline 'Jliej' iniige fiom 1 luiii to 2 cm in diametei and arc about eighty 
in numbci 

Mediastinum In the aiiloiior mcdinstimim tbeie is a nodule the si/o of a 
pigeon egg, pedunculated and ciicapsulaicd 'Jwo thuds of it is gelatinous, tbe 
lemaindcr is solid 

Adiciials The light adieiial is replaced by a slightly iircgulai splioiical 
tumoi, 5 5 cm in diameter (Fig 2) It is siiironndcd by a thin fibioiis capsule 
in winch tbeie arc a few small veins Ihe coloi tlnougli the capsule is distinctly 
a duty yellow’ and brown, quite similai to the oidinaiy iciial hypernephroma 
It IS distinctly sepaiated fiom the light kidney by a distance of 1 6 cm At its 
innei boidei tbcic is a nodule, 0 5 cm in dnmetei, piotniding fiom it, foi a 
distance of 0 7 cm The whole tumoi is easily enucleated from tbe suiiounding 
tissue Ibis adienal tumor was cut into sagittal sections, 0 7 cm apart The 
section through tbe centei i eveals a sin face that is foi tbe most part necrotic, 
although it is rather fnm It is brownish-gray w’ltli iiicgulai stieaks of yel- 
low’ through it, at the edges the mottling is of a blight i eddish brown as though 
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from fresh hemorrhages At the lower inner pole of the tumor, included ^Mthm 
the capsule yet separated from the rest of the mass by a thin fibrous septum 
IS a ciescent-shaped peripheral cap of tissue, 0 7 cm thick and 4 5 cm Ion- 
This IS yellow and solid, it is quite unlike the rest of the cut surface Other 
surfaces made by the sagittal sections reveal a similar condition, as just described 
except that near the surface of the tumor the necrotic appearance fades and the 
yellow tissue, mottled with led, is in preponderance 



Fig 1 — (Two thirds natuial size ) — ^Dog A Carcinoma of the thj'ioid The 
large A'eins com sing over and leaving the tumor are numerous and full of papil- 
lomatous tumoi thrombi The capsule is thin and ill defining 


The left adrenal is replaced by a spherical tumor 4 cm in diameter, sur 
rounded by a thin capsule and entirely separated fiom the kidney (Fig 2) It 
IS easily enucleated from the surrounding tissue It is separated from the right 
adrenal tumoi by a space of 4 cm , and no connection betv een the tv o is i isible 
grossly This tumor is a little firmer than the right one On surfaces made by 
sectioning. If is seen to be beset throughout by small vhirls of lellonish tissue, 
similar to adrenal coi tex in color These v hirls range from 1 mm to 1 5 cm in 
diameter The largest ones are seminecrotic 
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KidncNS Both kKlno\s nic of the congenital inulticjstic hpe, the c^sts being 
^erv imineroiis thioughout both kidncAS and ranging fioin 1 nun to 3 cm in 
diameter (Fig 2) 

Lner Tlie Iner is noimal except for a small 1 5 cm caicrnoiis hemangioma 
Geiicial The lest of the hoda on caieful examination reveals nothing of 
importanee in connection with these tnmois 

iMicioscopic All the micioscopical sections arc stained with hematoxvlin 
and cosin 

Dog A Sections examined from xaiions places in the thjroid reveal an 
adenocarcinoma, the alveoli of which are well foiincd in places and contain col 
loid The majoiitv of the alveoli are iiiegnlar, incompleto and without colloid 
In the regions in which alveoli aie pre-eiit the stioina is thick and fibrous In 
the softer and non fihious portions of the tumor, the microscopic pictuie is that 




Fig 2 — (two thirds natural si/e ) — Dog A Bihiteial congenital cj'stic kid 
neys associated with hilatcial juiiiiaiv adicnal Inpcinephiomas The light 
adrenal tumor, with the exception of the subcapsulai region, is almost cntiiely 
necrotic, with multiple legions of hemoiihage The left tuinoi is composed of 
wdiorls of tumor tissue, set in a connective tissue stioma, the laige vvhoils are 
necrotic 

of a carcinoma simplex, the solid masses heie aic composed of cells with a 
small round nucleus, quite gianulai with chromatin and deep staining with hema- 
toxylin Ihe cells aie veij' indefinitely outlined, theie being a few pink staining 
plasma shreds and granules between the nuclei In these softer regions the 
stroma is delicate with blood v'essels running through it Still other regions 
of the tumor that are most fibrous to the gross examination are composed of 
almost solid hyalin connective tissue masses wuth single cells, chains and irregulai 
groups of carcinoma cells scattered throughout 
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Lungs All the tumor nodules m the lungs are of thyroid tissue, as is the 
pedunculated nodule in the anterior mediastinum, and also a small nodule acci- 
dentally discovered in the region of the pineal body In the lungs the small 
nodules are m the bloodvessels, some are necrotic, while others, especially the 
large! ones, have a fibrous and vasculai stroma Most of the metastases tend 
to reproduce the same type of carcinoma tissue as was described in the thyroid 
tumor, some aie adenoearcinomatous, while otheis are moie of the carcinoma 
simplex type 

Adrenals The microscopic pictuie is the same for both adrenal tumois, 
except that moie necrosis is piesent in the sections taken from the tumoi on 
the right side Ihe capsule is thick and fibioiis, yet veiy irregular in its thick 
ness In either tunioi the picture varies considerably in diff'erent places For 



Fig 3 — Dog A Central poition of adrenal tumoi, represented bj^ a large 
polj'gonal cell, having a distinct bladder like yet often solid nucleus, and a cyto 
plasm distinctly vacuoled These cells aie ai ranged in single and in double 
cordons, in nests, oi set singly in a hyaline connective tissue sti oma 


the most pait, the eential portion of both tumors is represented by a large polyg 
onal cell, having a distinct bladder-like, yet often solid nucleus, and a cytoplasm 
distinctly outlined and vacuoled (Fig 3) These cells are quite similar to the 
oidinary foamy cells in hypernephromas of the kidney They are arianged in 
single and double cords, in nests, or set singly in a hyaline like connective tissue 
stroma Betu een the columns and cords are great numbers of blood sinuses , in 
fact, in places the dilated blood-sinuses ha\e crowded and necrosed the tumoi 
cells 

In othei places, smaller cells with a deeper staining nucleus and a less denned 
cytoplasm aie found in large masses Between the cells a veil delicate, 
embry onal connective tissue stroma is found This type of formation is mixed 
rather thoroughly in places vith regions of the abm e described foamy cells 
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undei the cnpsiilc in places is found an ai^plcal 7ona fasciculata these 
cells soinetinies become smcomatous in appeal anco, appioachiiig the spindle cell 
and the laigc loundcell Upe 

At the nppei innei snifacc of the luinoi on the light side, the cells under 
the capsule can be rccogni/ed ns nhpicnl cells of the /oiin glonieiulosa llieir 
coidoiis are a on n regular licing conipo'-cd of flattened iiidistiiicth outlined tells 
nith deep staining iiregulni nuclei thea aic continuous nith huge thick solid 
bundles of oaal cells the outei ln\er alone being letogni/ed ns cells fioin the 
glonienilai /one 

In the moon shaped cap desciibcd in the gioss hiiig on the lowei bordei of 
the light adicinl tiinioi tlieic nie iiins'-ts of inedullan oi chiomaflm colls, 
shaiph angular nith i luge nniount of el>■^ln staining p\toplnsm 3 hc^ aie 
somenhat lugei ind inoic iiiogular than the luumal inedullan cells and in 
mass ue sepaiated shaijih fiom the sui louiidiiig tiimoi lis>.ue 



lug 4 — ^llog A Capsule of adieiial tiimoi infill r.itcd In slungs and small 
masses of tumoi cells 3 lie colls nic pohgonal, with a small nniount of dense 
puiplish staining cjtoplasm, and an iiieguhu deep staining iiucloiis 

3 he capsule of both the light and the left tumoi is infiltiated by stiings and 
small masses ot Iniiioi cells aiiaiigcd quite like the stiings of caiciiioma cells 
at the edge of a caicinoma simplex (Fig 4) 3 hose cells nie inedinm si/ed polyg 

onal cells, wath a puiplish staining dense CAtoplasin and an iiiegulai deep- 
staining nucleus Foi the most pait, these chains of cells do not penctiate except 
into the innei two thuds of the capsule In sovoial places, how'cvei, they have 
biokcn tluough the capsule (Fig 5) and aie found in iiiegulai masses in the 
loose connectue tissues on the outside Small bunches of them aie found m 
laige spaces, appaientlj' Ijmph spaces in the connectue tissue and aieolai tissue 
outside the tumoi Their appeal ance outside of the capsule is a little diffeient 
from that wuthin the inteistices of the capsule, in that, outside, both the nucleus 
and the cytoplasmic outline of the cells aic iiiegulaily flattened The capsule 
IS entirely bioken tluough in places by masses of these cells In several sec 
tions are found iriegular giant cells of the mjcloid type, either singly or in small 
gioups 111 no place thioughout eithei tumoi are there any tubule formations 
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like those deseiibed in about half the cases of renal hj'’pernephiomas Histo- 
logically, both tumois are essentially solid 

Tlieie aie reins on the surface of the right adienal capsule that have been 
thrombosed, the lumen now being in the process of canalization A careful search 
for adienal metastases was made in other paits of the body, but none weie 
found 

Ab a summaiy of the anatomical findings in Dog A, there are (1) adeno 
carcinoma of the thyroid with metastases in the lungs, mediastinum and pineal 
legion, (2) bilateial piimaiy adrenal mesothelioma, the local pictuie being that 
of eaily though definite malignancj , (3) bilateral congenital multicystic kid 
neys, and (4) cavernous hemangioma of the livei 

Case 2 — ^Dog B is a laige old female The neck is diffusely enlaiged, while 
in the posteiioi mammal y legion theie is a nodular, lather soft mass fiom 4 to 
6 cm in thickness, 8 cm wide and about 13 cm in length 



Fig 5 — Dog A Capsule of adrenal tumor undei low power In several 
places the tumor cells liar e broken entirely through the capsule and are found 
in 11 regular masses in the loose connective tissue outside, and also in large spaces, 
appal ently lymph-spaces 


Thyroid The thyroid gland is quite like that of Dog A with the exception 
that it is not quite so fibrous and not so large There are a few lymph-nodes 
in the ceivical legion of both sides that contain white metastatic tumor nodules 
Hie tumoi IS reiy vascular, the vessels containing numeious papilliferous tumor 

thrombi , , 

Lungs The lungs alone contain thyroid metastases, of which there are a ou 
fifty, rfTnging in size fiom 1 mm to I cm in diameter They aie spheiical and 
of a w hitish gi ay color 

Mammary Tumoi The right posterior mamma is more involved than the 
left, though both are involved bj the tumor The skin is immmable oiei the 
mass but is not iilceiated The tumoi is roughly nodular, the nodules being 
from 2 to 5 era in diametei, and indistinctly sepaiated from one another by a 
softer intei nodular tissue On the surface made by sectioning the tumor it is 
seen that the boidei of the tumor is indefinite in its separation from the sur 
rounding normal tissue, m places it Ins a verj delicate capsule The icgmn 
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bot\\een the nodules is milky -white, and soft oi gelatinous in consistoncj llicsc 
nodules aie nothing moie than iiicgulai fnin cai tilnginous contois sun minded 
bj softei tissue llie tiaiisition between the soft and the fiiniei tissues is a veiy 
gi.idiial one 

Adienals Ihe adienals aie twice as laige as noiinal Ihej aie fiim m 
consistent 

Ihe leinaining tissues leieal no jiathological changes that aic of inipoitancc 
in this case 

Micioscopic The tuinoi of the tlnroid is of the ndenocaicinoinatous inncti 
tending tow aid the soluliim oi snnplc-v t\pc in this icspcct it dilTeis fiom tiic 
caicinonia of the tlnioid m Dog A The ahcoh heie aic incoinpletch foinied 
in most instances, and contain a gianul.ii cosiii staining siibstniite, moie like 
albumin than like colloid 



Fig G — Dog B yiaiiiiiian tiinioi Ihe softei jioitioiis of this tiimoi aie 
composed of a wildly piolifciating sniconiatoiis like coiiiiecliie tissue, in which 
tlieic aie lai loiis-si/ed tubule foimations some me solid while otheis have 
emptj Inmiiia, and me lined with colls fioin thiec to si-v lujeis deep, these cells 
do not lesemble endothelial oi epithelial tells hut nic of an inteiiuediatc ttpe 
llic above mentioned type of tissue inns into a nnxoinatous tissue, and this in 
tuin into an embijonal caitilaginoiis tissue 


The melastascs in the ceivicil Iv’inpli nodes me siniilai to the oiiginal tli-^ioid 
caieinoma tissue 'Jhe nodules in the lungs aic all metastases fiom the thyioid 
tumor Ihejf aie locited in the blood-vessels, the smallei ones consist of iiicgulai 
cell nests lending to alveolai foiiuation, m places, set in a hyaline like tissue, 
the larger nodules have a distinct fibioiis stroma in w’liich tlicic aic blood vessels 
The cells, though, in places tending to foini ah'ooh me foi the most pait aiianged 
in no paiticulai mannei 

Mammary Tiimoi Tlic edges of this tumoi aio faintly limited by a deli- 
cate connective tissue capsule which is, in places, lacking The outeimost tumor- 
tissue, which IS a diflusely prolifeiating saicomatous like connective tissue, 
coi responds to the soft gelatinous internodulai tissue desciibed in the gioss 
The latter has in many places no limiting connective tissue capsule between it 



and the normal tissue The soft tissue is composed of irregular sized spindle- 
cells, the fihrillae of which approach that of embnonal connective tissue in 
character The spindle cells aie aiianged in no regular fashion but are con 
fused and run in all directions {Pig 6) Within the tissue mentioned above lie 
many various sized, twisted and compressed tubule formations, the lumina of 
whicTi are distorted and empty The cells lining these tubules are arian<^ed in 
irregular stratified formation, from four to siv cells deep They do not lesemble 
endothelial cells or epithelial cells, but are of an intermediate type 

In the centers of the tumor nodules there is invaiiably found a caitilaginous 
tissue which is not matuie or typical in any place At its edges it fades into a 
ous tissue, into a mucoid substance, or into the above desci ibed sar 
comatous like connective tissue This microscopic pictuie is quite identical with 
that of the mixed tumors of the parotid gland desci ibed by Wilson and Willis 



Fig 7 — Dog B Mammaiy tumor A high powei diaving of an incompletely 
formed tubule, with its suriounding sarcomatous like connectiv e tissue 

There are no detectable metastases fiom this tumor, yet the histological char 
actei of the sarcomatous connective tissue on the advancing bordei of tlie tumor 
indicates probable malignanc 5 ^ The older portions in the centeis of the nodules 
are composed of a tissue appioaching the adult type The peripheral portions 
can be considered as a more embryonal and undifferentiated mesodermal tissue 
Adienals These, though grossly normal except for slight enlargement, are 
very interesting histologically, in that fiom fifteen to twenty one small intra 
capsular adenomas, composed of cells similar to the zona glomerulosa, are foun 
in any one cross section 

Briefly, then, in Dog B theie are the followung (1) adenocarcinoma of 
the thjioid gland vvuth metastases in the lung, (2) mixed tumor of the mam 
mary gland ( choiidrosarco endothelioma ) , and (3) multiple adenomas of the 
adrenal capsule 

28 Wilson, L B, and Willis, B C Mixed Tumors of the Salivary Glands, 
Am Jour Med Sc , 1912, cxliii, 656 
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COMMENT 

What infeience ma} we draw fioin these Uo cases’ Is theie any 
one etiological lactoi iespoii«ible foi the dci elopmciit of the'=e multiple 
pimiai) malignant tuniois in eithei case, oi aie tliey incidentally 
multiple P 

It IS well known that malignant di<=caco of llie thyioid gland in man 
and in the dog is nioie pieialent in goiiiou'? distiicls than in non- 
goitioiis distnets In Gieat Biitain, uheie goitei is not pieialeni, onlj 
seien cases of malignant disease of the tlnioid uere found in 7,201 
neciopsies In Vienna, uheie goitci i« not iincoimnon. ITiiitci^toissci ” 
found fifty nialignant tiiniois of the ilnioid in IS, 117 neciop^ies On 
the othei hand, in Beine, uhcic goitei is common, Limachci''^ found 
eight 3 '-two cases of malignant di'iea'^e of tlie ilnioid in onlv 7 Gil 
neciopsies, tlnity-cight of thc'^e wcie caicinoma, uhile foiti-foiir ueie 
sarcomas Marine and Lenhaif- liaic ‘jIioimi fiom then uoik on hiook- 
tiout that the goitcis of fish aie entnely due to metabolic distiii bailees 
fiom food and external condition^ Thci'’’' stale the following in icfer- 
ence to malignant disease of the th^ioid gland “Goitei in come wai 
favois the deielopment of cancel, just as it fa\oi« the deielopment of 
benign tumois Cancel dci eloping in an othei wi«e noinial gland is 
extieniely laie We ha\e iievei obsciied thjioid cancel apnitfiom pie.- 
existing goitei ” 

The oidinaiy goitei in dogs is due iisiiallv to a difliise enlaigement 
of the gland, and laicly to adenomas, Dianne and Lenhart as^eit that 
fetal and that simple adenomas aic neiei found in dog« In and about 
Chicago, where goitei in dogs aie len common, caicinoma of this gland 
is not at all infrequently found 

In both Dogs A and B theic is nothing that indicates a pieexisting 
developmental anomaly, piesiimably the thyioid caicinomas in both 
cases weie pieceded by, and indiicctly due to, a difi’use hypeiplasia, 
which in turn is no doubt, so fai as is known, a manifestation of meta- 
bolic distuibanee dependent on the w'atei and food 

In Dog A, in addition to the thyioid caicinoma, thcie aie the bilat- 
eral adrenal bypeinephioma<5, oi better, “mesotheliomas,” so far as it has 

20 Muller, G P , and Spoese, J Jlalignnnt Disease of the Thyroid, Umv 
Penn Med Bull , 1900, 74 

30 Hmterstoisser, H Beitiage /lu Lchrc vom Sehildiiisenkiehs, Beitr z 
Clnr Festschi ift Bilh oth, 1892, p 287 

31 Limacher Quoted by kliiller and Speese {Sec Footnote 29 ) 

32 Marine, D , and Lenhart, C H Observations and Experiments on the 
So Called Thyroid Carcinoma of Brook -Trout and Its Relation to Ordinary Goiter, 
Jour Expel Med, 1910, xif, 311 

33 Marine, D , and Lenhart, C H Pathological Anatomy of the Human 
Thyroid Gland, The Auchives I>t Med, 1911, xii, 606 
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been rather conclusively shown that renal hypernephromas and adrenal 
hypernephiomas are distinct from each other both embryologically and 
histologically These two adrenal tumors have undoubtedly originated 
from an anomalous embryonal development, since they are bilateral, and 
are associated with bilateial, congenital, multicystic kidneys The cav- 
ernous hemangioma of the liver is of doubtful embryonal development 
There is, then, nothing in common in the etiolog}^ of the thyroid car- 
cinoma and of the double adrenal mesothelioma, one being of probable 
indirect metabolic origin, while the others are from embryonal anlages 
Then location does not suggest that they are the result of any one tissue 
susceptibilit}’^, the adienals being of mesothelial origin, while the thyroid 
IS of ectodermal origin 

In Dog B, besides the carcinoma of the thyroid gland, there is the 
mixed tumor of the mammary gland, similar in structure to those mixed 
tumors in the parotid gland This tumoi, like the adrenal tumois in 
Dog A, without much doubt is of embryonal origin It is closely allied 
to the teratomas, having cartilage, myxomatous tissue, endothelial struc- 
tures and a sarcomatous stroma The various grades of teratoma and 
mixed tumors are most frequently found in the ovaries, testes, parotid 
gland and mammary gland In Dog B the occuirence of multiple cap- 
sulai adenomas of the adrenals is significant of an imperfect embryonal 
development 

Both the malignant tumors in Dog B, then, also are, as in Dog A, 
very probably of different etiology, the one being due indirectly to meta- 
bolic disturbance, and tlie other, the mixed tumor, being in some way 
connected with an embryonal anlage One is of ectodermal and the 
other of mesodermal origin 

SUMMARY 

Multiple primary malignant tumors occur in approximately 0 2 per 
cent of all cases of malignant tumors 

Certain of them that originate close together in one type of tissue are 
indicative of a localized tendencj^ to malignant degeneration 

Others that are essentially bilateial, occurring in the ovaries, testicles, 
kidneys and adrenals, are indicative of a tissue predisposition, dependent 
in most instances on an anomalous embiyonal development 

Besides these two classes there is another general class of cases, two- 
thirds of which IS composed of multiple primary malignant tumors, the 
location and arrangement of which is stiongly indicative of a system 
involvement, affecting mainly the reproductive, the gastro-intestinal and 
the cutaneous systems 

In the other third of this class of cases, the tumors are distributed 
miscellaneously, and apparently have no common features The two 
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cases lieie leportecl belong to the lattei class, each animal having one 
tnnioi dependent indiiectly on a metabolic distiiihance, and anotliei 
tumoi distmctl}' of emhiyonal anlage 

I \Msh to thank Dr D J Dhms for Ins kind suggestions in the compilation 
oi this paper 

1532 Congress Street 



PATTY INPILTEATIOISr (LIPOMATOSIS) OP THE AIJEICU- 
LOVEATTEICULAP BUNDLE OP HIS, WITH SUDDEN 
UNEXPECTED DEATH 

FEAlSni NUZUM, MD 

CHICAGO 

X^umeious studies have established a definite lelationship between 
the symptoms usually refeiied to as Adams-Stokes disease and changes 
in the auiiciiloventriciilar bundle of the heart, the bundle of His The 
absence of sufficient infoimation in many of the repoits in a lecent sum- 
mary by Bachman’- led him to base this definite relationship on the 
evidence in only twentj^-foui of the eighty-six eases leviewed, in the 
remamdei the details weie inadequate for compaiison 

In these twenty-four, to which I have added a few* not in the numbei 
considered by Bachman, the alterations found in the His bundle weie 


as follows 

Condition Cases 

Gumma 7 

Fibrosis 7 

Calcified plaques 3 

Lipomatosis 2 

Round celled infiltration 3 

Arteriosclerosis of the bundle \essels 2 

Tumoi 1 

Anemic infarct 1 

Parenchymatous degeneration 1 


Piom a study of such a table as this it is evident that well-marked 
examples of the Adams-Stokes syndiome have for then explanation a 
lesion of the auriculoventiicular bundle A number of careful studies 
have shown that a complete tiansveise lesion of the main stem of this 
conducting system is followed by a total heait-block 

It IS possible, however, that when the auiiculoventiiculai bundle pos- 
sesses alteiations only a portion of the symptoms regaided as essential 
for the Adams-Stokes syndiome aie manifested Beginning or partial 
involvement of the bundle may lead simply to a lengthening of the intei- 

* Submitted for publication Dec 5, 1913 

*Fiom the Pathological Laboratoiy of the Rush Medical College 

1 Bachman A Physiologico Pathological Study of a Case of Heart Block 
Occurring in a Dog as a Result of Natural Causes, Joui Evpei Med, 1912, 

2 Keith and Miller Lancet, London, 1906, ii, 1429, Heinecke Drei Falle 
von Adams Stokes Krankheit, Berl klin Wehnschi 1907, xliv, 1125, Karscher 
and Sehaffner Em Fall von Adams Stokes 'scher Krankheit mit Sehn lele im His 
’schen Bundle, Berl Klin Wchnschr , 1908, xlv, 1266 
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sjstohc peiiocl = Oi Iheic ma} be only biacl^caulia iaolur.uilia, ailutli- 
mia 01 cyanosis •* Fuithcinioie, in a 1cm in^nnco*- ‘^inblen ileatb ba<= 
occiiiied Mithoiit, so lai as knoMii, ain illness Miih ‘-vinploins Icadincf to 
even a suspicion of Adains-Sloke*? disca'^c Jlonckclieig lia*' lopoilcd 
Imo such occniiencc'; 

The fiisl M'as tliphilieiia Miili siulclen doaili Monckeiicig doc'- not 
state at vdiat peiiod in the (lisca‘=c death occnncd No clianirc'' 
Meie found in the inyocaidnnn at the po‘>t-inoiioin exaniinalion 1 he 
auiienloventiiculai bundle and its main biaiu*lu'‘' mIumi M'ftioned ‘-(MiuIU 
in paiafiin and ‘jtaincd by Amn Gic'^on and bcinaiowbn ap])eaied noiinal 
Using Schailach B, lioueiei, the mam ‘•ieiii holh biandie^ and then 
subdiMsioiis Mcie found to be the *=110 of a dntincl falli diaii"!' uhid) 
sbaipl) difTeicntiatod this «\siem fiom the iat-fice nnoinidimn 

In Monckebeigs second example sudden deaib folloued liepliminir 
of the daill, as a lesult of cane*' of the fionbil linne 'Die nnofaidmin 
pi evented fatl) change'? Tii Schailadi I? pi epai at inin bmli dni-min of 
the Ills bundle stood out in maikcd content due to the guatei fattv 
change that uas pie^eiit in them A"ct iheie ueie indnidual tih'T'^ 
among tlie=e iinatlccted and noinial in all ic'^jicd'- 

Acute fatty changes “iimilai to tho«c and earned h\ ‘•epnu'inia pnui- 
monia, tvplioid fevei, ditluse bionchitn and chloiofoim jtonuniinr ha\. 
been studied In Sapegno ^ Among oihm lo'-ult" of the ‘•tiidn ^ of ven nh- 
tMo Jicaits he concluded that lapid, unexpected death of an indnidind m 
idiom no othei anatomic alteiation i< found mai be dm* jo ati ni ate 
01 a chionic lesion of tbc=c peculiai fibci'- in the heait lie abo belioK"- 
that iihile fatty change'? aie often pie'-ent in holh the nnoraidium and 
the bundle si stem togclliei, lel in bO pei (enl of all nntann's (Ik-h 
acute changes atlect c'=pcciall} the conducting '?i'-(ein 

Similai alteiations have also been found bi A'-dioH' m the II n bundle 
He has not hoiieiei, ohseivcd am indance in iihidi mdi a diamre i\.i= 
lesponsible foi the sudden death 

Maiked fatly changes of an c;?/7/c/y (hpienl '?oit jiian tbo^e dnemM'd 
by Monckebeig, Aschoff and bj Sapengo as quoted aboie. nun be leti 


3 Eilmgej On the Pl^s.oIog^ of JloailJlloct ,n Mammals rsu.,,,,! 

Eefercnce to Causation of Adams Stokes Disease Join ]-\noi Afed Vm i s 

Y„.t)7°p".frris””'”'’"* O'™'"""-". (w 

5 Monekcbeig Untei suchungen ubei das am iciilo \Piif nmil..) m. . u i 
Mann, Jena, lOOG, Cases 71 and 104, p 318 ’ bundle )),>, 

0 Sapegno Kuove EicercJie sulla Patologia del Faso,, , 

Arch per le Sc med , 1910, \\\iv, 540 ' ”*’’'^'‘^atUco]nre, 

7 Refcrat ubei die Jlei/stoiungcn m ilnem Bc/ielmmron o / . 

M„sW.5sto„. to ucisCo,, nl'io, 
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extensive in the His bundle, as is well shown by the following report of 
fatty infiltration oi replacement of the His bundle by adipose tissue 
associated Avith sudden death 


History— A man 38 yeais of age, avIio had always been well, died suddenly 
Friends stated that at timeo he had seizures during which he trembled generally 
and A'oluntanly oi consciously shook his hands and forearms rapidly These only 
lasted a moment or two and there was no loss of consciousness So fai as is 
known he never sought medical advice 



Pig 1 — transverse section through the distal portion of the normal node 
of the His bundle at a point in its passage thiough the auriculo ventricular 
fibrous ring a Bundle fibers b Fibious connective tissue sui rounding the 
bundle c Bundle vessels 

Necropsy — The body u as that of a pou erful, well nourished white man with 
no exteinal injunes Theie vas no excess of subcutaneous adipose tissue The 
organs -were found to be of normal size and position There weie no gross evi 
dences of disease injavhere Caieful examination of the gastro intestinal tract 
failed to disclose any alterations leading to a suspicion that death might haic 
resulted from poisoning, nor did the circumstances attending his death indicate 
this possibility 
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The heatt was not hypei trophied and in so far ns conld be ascertained by gross 
evaniination was normal in all lespccts save for a slight degree of coionary 
scleiosis and a moderate fibioiis myocaidilis Thcio was no abnoimal deposit of 
fat on the outside of the lieait 

“There aic nppio\miatcl> two small nodules in each coionary artery The 
fiist nodule m each -vessel is 1 5 cm distal to the sinus of Valsalva The nodules 
imohe the inlima of the vessel wall cluefli and the lumen is but slightly lessened 
in each instance On tiacing the coionary aileiies to then teiminal endings no 
occlusions aie found 3 he Aesscls aie not toiluous and the walls aio elastic” 



Fig 2 — Adipose tissue in the node a Conti al fibious body suiiounding the 
node b Intact bundle tibeis c Adipose tissue d Bundle -vessels 

Poitions of both the light and left A'entiiculai w'alls, the septum and papil- 
lary muscles w'Cic evamined ,it vaiious levels to detciniinc the amount of fibrosis 
“The septum contains onh a noiiual amount of libious connective tissue The 
fibrous tissue in the lentiiculai w'alls is somewhat inci eased in amount At all 
points this inciease is only slight and but few tiue muscle fibeis are replaced 
This change is not especially piominent in any poition of eithei ventricular w’all 
The amount of fibiosis in the papillaiy muscles is even less than that obseived 
m the outei venti icular w'all 


8 Di E R LeCount, who conducted the post-nioitem examination, was ot 
the opinion that the gioss changes m the heait w'eie inadequate to explain death 
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The following anatomic diagnosis was made 

“Slight nodular seleiosis of the coioiiaiy aiteiies, slight fibious myocarditis, 
slight hbrous muial endoearditis, passive hypeiemia of the livei, spleen, kidneys, 
panel eas and small bowel, petechial hemoirhages in the large and small bowel 
and in the pleuia of the light lung, marked ehylangiectasis of the vessels of the 
small bowel— post mortem ( ’} , hyperplasia of the tracheo bionchial lymph nodes, 
of the mesenteric lymph glands, of the spleen, of the solitary follicles of the small 
bowel and of the Ijmphoid tissue of the pharynv, marked emphysema of both 
lungs, edema of the phaiyngeal mucous membrane, caseous infiatiacheal Ijmph 
nodes, hbrous patch in the pia of the left frontal lobe of the brain, slight scleiosis 
of the aoita and of the vessels at the base of the brain, fibious adhesions between 



Fig 3 — Section distal to that shown in Fig 2 Two thirds to three foui tbs 
of the bundle fibers are replaced by adipose Tissue in this and adjacent sections 
a Intact bundle fibers b Beginning of left ramus c Bundle vessels d Adipose 
tissue 


the gallbladder and the fiist portion of the duodenum, fibrous pleuritis small 
hbrous patches in the anterior mitral leaflet, slight fibrous subepicardial and 
supia arterial nodular pericarditis, marked right haluv valgus, carious and miss 

ing teeth ” , 

Because the gross alterations were so few a study of the His bundle 
undertaken Histological cs-amination was earned out by means of serial paraffin 
sections of the entire bundle down to and foi a consideiable distance bejond the 



FRL^UC NUZUM 


G45 


point of oiigni of the light and left blanches Fuilliei study nas made of the 
teiininal extensions at laiioiis lei els in the x’onli iciilai nails Eiciy fifth sec 
tion was mounted and laiious stains employed 

In these sections theie is a leiy maiKed fattj infiltiatiou limited stiictly 
to the aunculoyeiitnculai bundle and its blanches, the miocaidium containing no 
adipose tissue This change is model ate iii the nod il legion, inoie maiKed in the 
main stem At the point of oiigin of the light and loft blanches neml> the entire 
bundle is absent and in its place Iheie is adipose tissue Both of these blanches 
and the Puikinie hbeis at nhateiei plane oxaniined pi 0=0111 siieh alteiations 111 
xaiMiig degiee 



Fig 4 — Section distal to tliat sliown in Fig 3 A poition of the left lanius 
and the beginning of the light lanius aic picscnt heie In this section 85 to 05 
per cent of the bundle hbeis aie icplaced by adipose tissue a Left branch of 
bundle b Beginning of light i.inius c Mam poilion of bundle 

Both the muscle fibeis and the connective tissue of the bundle system aie 
leplaced by adipose tissue If that pait of the bundle lying between the pioximal 
part of the node and the point of division of the main stem into light and left 
blanches is aibitianly divided into thiee segments tlien appioximatelv 20 per 
cent (Fig 2) of the fibeis and coiiiiectire tissue fiamewoik ot the fiist segment 
of the bundle is replaced by adipose tissue, G5 to 75 pei cent (Fig 3) of the 
middle segment and 85 to 90 pei cent (Fig 4), of the distal segment is similarly 
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affected Just distal to the bifurcation of the bundle 50 per cent of the structure 
of the right hianch is replaced by adipose tissue while at a similar location in 
the left branch only 10 to 15 per cent of the fibers are so affected These alter- 
ations are present, as before stated, in the terminal portions of this specific sis 
tem of muscle fibers throughout their subendocardial course The adipose tissue, 
limited shaiplj/ to the Purkinje fibers, diffei entiates this system at a glance from 
the surrounding mjocardium In fact their location is readily determined nith 
a hand lens or the low power of a microscope and followed from section to sec- 
tion by the adipose tissue fat lioles at such points 

Some of the muscle cells of the Purkinje fibers are normal Others on cross 
section show fat globules in their centeis These globules vary in size fiom small 
droplets to larger drops which replace a poition of the protoplasm, leaving the 



Fig 5 — Teiminal “specific” muscle fibeis sectioned acioss, jihosphotungstic 
acid hematovylin stain a Tjpical arrangement of fibiillae about the cell per- 
iphery Protoplasm m center of cell replaced by fat b Fibnllae divi ing ce 
into fields Center of fields occupied by fat c Entire cell almost en ire y 
replaced by adipose tissue 


fibiillae standing out lery sharply about the periphery of the cell ( ig ) 
Again, tlie fibiillae may divide the cell into small fields, the center of these li d 
being occupied by fat droplets (Fig 5b) Or the muscle cell may be so distendeu 
with fat globules that the remaining fibriliae have all been crowded into n 
coiner of the cell many of them absent Finally the entire muscle fiber nith ite 
fibriliae, cell membrane and suriounding sbeath of connective tissue may 
entirely absent and its place taken adipose tissue 
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As a lule, tins leplacemeiit by adipose tissue, lipomatosis, which is 
quite legiilaily found m the am iciilovontnculai bundle system of elderly 
people IS not extensive enough to lead to clinical manifestation'?, yet 
l?ahi° has lepoited so inaiked a lipomatosis of the bundle that the Adams- 
Stokes comiilex lesulted and finally death AscholT and Tawaia^° have 
made a similai obseivation, but Sapegno^^ states in his second aiticle 
that they latei denied the oecui i ence of a ti ue Adams-Siokes sjinptom- 
complex in this instance 

Sapegno^^ desciibes a lipoma(o‘?ib found in the TTis bundle in the 
heait of a young giil who died twehc days aftei iccoieiy fiom typhoid 
feiei lie is ^c^ positive in his statemenis that death in this instance, 
which uas sydden, uas not due to the acute fatty changes in the myo- 
caidium which aie sometimes obsened aftci typhoid fe\ei Fuithei- 
nioie, this young gnl had a caidiae in‘?ufiicicnc> uhicb was pieccnt fiom 
biitli and the lipomatod'? of the bundle ulnch he found he legaided a?? 
congenital On account of the absence of other gio'?': alteiation'? oi 
piocccses of di'^easo in the bodi, death ua'? aitnbuted to the pio‘?onco 
of the Aciy maiked lipomaio'?is of “horn the ])onil of dui'^ion of the main 
blanch into two lami to a point uheic thece anaiii declea'Jo lapidly in 
size ’ 

ITe concui<? iiith Moiickebcig in iccogm/ing that thcie i" a tendency 
towaid adipo':iti of tlic auiiculoientiiculai cistern in old age, and that 
ivhile. as a lulc, thi'? adipociti is afiompaniod bi fatty infiltiation of the 
mjoeaidinm gcneially, that the bundle alone ma^ be aficcted and posse'?s 
giosdy Msible fat 

In conclucion, -without attempting to picduate that death in this 
instance was ncce':‘?aiily due to these alteiatioii'? in the TTis bundle, it 1= 
believed that such an examination as this in instances of sudden death 
with s5unptoms of taidiac dicoa'-e, i\hcio theio aie lelatnely few gio'?s 
changes m the hcaii, sliould be moic ficqucntly made As has been sug- 
gested by otliei iiiiestigatois of conditions in the auiiculoventiiculai 
bundle, the neivcs connected with it should also be examined 

9 Fall! Cited b'l Monckcbeig Boil klin Wchnscbi , 1009, \]vi, Pai t 2, p 45 

10 AsebofT and Taw'ara Die Patbologiscbc anatoimscbe Giundlagen der 
Heizsclnvacbe, Fisher, Jena, 1906 

11 Sapegno Ricerche sulla patologm del fascia all lo ventiicolare, Aich per 
le sc nied , 1910, \\\iv, 143 

12 The original is as follows “11 cusiciiietto adipoeo si mantiene sempie di 
nna massa nolecole fino alia divisionc del f net snoi due laxni, al qual livello 
diniinuisce lapidamente di volume e cessa quasi del tutto” 



BLOOD-PEESSUEES 

THEIR RELATION TO EACH OTHER AND TO PHYSICAL EPEIOIENOY 


JOSEPH H BAEACH, MD, aj.d W L MARKS, MD 

PITTSBURGH, PA 

Id this coDiniuni cation we desiie to lecord the blood-pressure finding's 
in a total of 742 males with particulai refeience to the diastolic and 
pulse pressures, also the relations between blood-pressuie and physical 
efficiency 

METHODS 

111 these blood-pressuie readings we used a mercury manometer of the 
usual type with 12 cm cuff, and ue made oui determinations by the 
auscultatory method 

The maximum piessuie was determined in all cases at the fiist sound 
The minimum piessuie in Series A ivas read at the time of disappear- 
ance of all sounds (fifth phase) , and in Senes B, more aeeurately at the 
point of the last clear sound preceding the final dull tones This is 
known as the fourth phase Obviously, then, we get a reading somewhat 
higher ivhcn we make oui readings at the final shaip tone than if we wait 
for the disappeaianee of all sounds The difference may be as much as 
10 mm and usually in the neighboihood of 5 mm This difference, while 
notewoitliy, is not sufficiently gieat to detiact from the actual value of 
our figutes foi the minimum Wood-pressure m Senes A in the manner in 
which we use them 

The subjects in this study weie students in their usual health, most 
of them between 15 and 25 yeais of age While oui records include the 
readings in both the erect and horizontal posture, the accompanying 
tables and figuies refei onl}'^ to the readings m the erect, the effect of 
change of posture on the arteiial and venous piessures having been pre- 
viouslj^ studied by us ^ 

The method used in estimating the physical efficiency m this work is 
the one known as the ^hntercollegiate standard ” It consists of adding 
the strength of back plus strength of legs, plus strength of right and left 
forearms, plus lung capacity divided bj- twenty, plus bodj’^-weight divided 

* Submitted for publication Jan 6, 1914 

* Fiom the Department of Student Heiltli, Cainegie Institute of Technology 

I Barach, J H, and Maiks, W L Effect of Change of Postuie without 

Active Musculai Exertion on the Arterial and Venous Pressures, Ancniirs I^T. 
Med, 1913, \i, 4S5 
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by ten The last figuie obtained is multiplied by the iiumbei of times 
the subject pulls up and dips his body by the sticiigth of his aims and 
shonldei muscles This gncs us a \ciy fan estimate of the indiMduaFs 
physical condition Foi one to show a high total ‘•ticngth he must pos- 
sess a good musculatiiie, good cooidinalion, an enicienl cnciilaloiy and 
lespiiatoiy system, one uliieli mil lospond piopeil} and maintain itself 
dining the elloit leqiiiied by Uie test 

MixiMbM I’lirssLin s 

111 the accoinpaining tables it mil be noted tiiat ue do not gne the 
aveiage lieight of the blood-piessuic leadings of an ciitiic senes of cases, 
but laihei do ue gne the actual numbei of eases uliich occuiicd at the 
laiious lieights AVe belicic this to be moie accuiate and leading to tiuer 
conclusions 

TABLE 1 — Agl DISTIt^!O^IO^ i\ a Snui s or 552 Consicotim: Casls 


Age, Yen IS 

Cases 

15 to 17 

27 

17 to 19 

200 

19 to 21 

202 

21 to 23 

71 

23 to 25 

31 

25 to 27 

12 

27 to 29 

0 

29 to 31 

1 

0\er 31 

2 

Total 

552 


Marimum Pjasiuc — As lieietofoie stated, the inaMinum piessuie 
was read at the tiist sound — b} the auscultatoi}' method In 65G cases 
the distiibution uas as shoun in 'J'able 2 

TABLE 2 — ^DisaiuuuTiox or Mammow Pjti ssuan in G5C Gasps 


Mm Ilg 

Cases 

90 100 

7 

100 110 

23 

110 120 

112 

120 130 

204 

130-140 

153 

140 150 

95 

150 100 

45 

ICO 170 

14 

170 180 ] 


180-190 1 

3 

190-200 j 


Total 

656 


Out of these 656 cases, theie aie 694 undei 150 mm Hg , these com- 
piise 90 pel cent of the entue senes It has been oui expeiience that 
just about 10 pel cent of the men come in piesenting a blood-pressui e 
eonsideiably highei than noimal at their fiist examination, but at a 
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subsequent examination it is found to be much neaiei the normal level 
Tins undoubtedly is due to the psychic effect of the examination 

Minimum Pressure, Series A —Here the pressure was read by the 
auscultatory method at the disappearance of all sounds^ with the results 
shown 111 Table 3 


TABLE 3 — MiNiximi Pressure Read by the Auscultatory Method at 

Disappearance of Sounds 


Mm Hg 

Cases 

30- 40 

1 

' 

40 50 

2 


50 60 

4 


60 70 

20 

• 327 Cases = 96 % 

70- 80 

82 


80 90 

140 


90 100 

78 


100 110 

9' 


110120 

1 


120 130 

1 


Total 

338 


The majority of these, 96 pei cent , had 

a minimum pressure under 

100 inm Hg 



Minimum Piesswe, Senes B — In these eases the point of the mini- 

mum pressure was read at the last clear sound preceding the final dull 

tones (Table 4) It is now generally agreed that this is the exact point 

of the minimum piessure 



TABLE 4 — ^I^IiNmujr Pressure Read at 

the Last 

Clear Sound 

Mm Hg 

Cases 


40 50 

11 


50- 60 

4 


60- 70 

12 

273 cases or 87 % 

70 SO 

41 


80- 90 

94 


90 100 

121 


100-110 

27 


110-120 

9 


120130 

3 


Total 

312 



In this series, in which the point of minimum pressure is read earlier 
than in Series A, we find that over 87 per cent of the oases present a 
minimum pressure under 100 mm Hg, and that 256 cases, or 83 per cent , 
occur between the points of 70 mm and 100 mm Hg 

We see, then, that when the minimum pressure is read at the fourth 
phase, 87 per cent of the cases are found to be not over 100 mm Hg, 
while at the end of the fifth phase 96 pei cent of the cases do not exceed 
100 mm Hg 

In Series B, in whicli the piessure was read at the fourth phase, the 
13 per cent which had a maximum pressuie of ovei 100 mm were reexam- 
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ined We then found that the fiist was onl}' a temjjoiaiy i espouse to the 
psychic effect of the examination and that in only two eases did fhe 
mininiiim blood-piessure exceed 100 min , one showing a minimum 
blood-piessuie of 105 and tlie othei 102 mm Ilg 

Mimmwn Piesi-we in All Cases — If we allow foi clinical pui poses 
that the diffeienee between the end of the fouith and liith phase in a 
laige seiies of cases such as this one is a negligible factoi, by combining 
Senes A and Senes B we get the results shoun in Table 5. 


TABLE 5 — ^iliMMUXi PnissuRn iM Ain Casls 


Sim Hg 

Cases 

30 40 

1 ’ 

40 50 

3 

50- 60 

8 

60- 70 

32 

70- 80 

123 

80 90 

234 

90 100 

199 

lOOllO 

30 

no 120 

10 

120 130 

4 

130 140 



Total 050 


000 cases or 02 
Kot ovoi 100 mm 


% 

Hg 


Pulse-Ptcssiiics — In Senes A and B ue ha\e pulsc-picssuie lead- 
ings in 620 cases The nonnal lanation in the swe of the pulse-piessuie 
IS seen to be quite maikcd 


TABLE 0 — Pllsl-Pjii ssuars ix Srnins A JIimmuxi Pri ssonn Brio at 


TIIL 

Finn 

Phase 


Mm Hg 



Cases 

10 20 



9 

20 30 



30 

30 40 



08 

40 50 



70 

50 00 



02 

60 70 



43 

70 80 



17 

90 90 



7 

Total 



312 

TABLE 7 — Pulsl-Pressure in 

Series 

B JIlNlMUM 

Pressure Read at 

THE 

Fourth 

Phase 


Mm Ilg 



Cases 

5- 10 



1 

10 20 



11 

20- 30 



45 

30- 40 



79 

40 50 



79 

50- GO 



53 

60- 70 



25 

70 80 



18 

80 90 



6 

90 100 



1 




— 


Total 


317 



652 


THE ARCHIVES OF INTERNAL MEDICINE 


Tables 6 , 7 and 8 show clearly that we may hold the usual pulse- 
pi essiue as ranging between 20 and 70 mm Hg, m healthy persons of 
the ages here leferred to 

TABLE 8 — PuLSc Pkessurc in Series A and B Combined 


5 10 

1 


10- 20 

20 


20 30 

75' 


30 40 

147 


40 50 

155 

■ 560 cases or 88% 

50 60 

115 

Between 20 and 

60- 70 

68 

1 70 mm Hg 

70- 80 

35 


80 90 

12 


90 100 

1 


Total 

629 



EELATION BETWEEN THE PULSE-PBESSUBE AND DIASTOLIC PBESSEBE 
Stiassburgei- attempted to find a blood-pressure quotient by dividing 
the pulse-piessuie by the maximum piessure, but that has been shown to 
be erioneous It has leeentl} been stated by Stone® that the pulse- 
pressure in the noimal individual is equal to 50 per cent of the diastolic 
pressuie, and that for clinical puiposes we may assume that, when the 
pulse-pressuie is ovei 50 per cent of the diastolic pressure, we aie deal- 
ing with caidiac overload If this theory could have been proved, it 
would have been an important advance in our clinical work 

We set foith here the findings in 742 cases Senes A has its slight 
eiror on account of the minimum piessure having been read at the fifth 
phase, while in Series B this element is eliminated The figuies represent 
the peicentage relation of pulse-pressure to diastolic piessure Our 
foimula is D P P P 100 X 

TABLE 9— Series A Minimum Pressure Bead at Fifth Phase 


Per Cent 

Cases 


10 20 

10 


20- 30 

24 



30 40 

48 

1 


40 60 

49 ) 108 cases, 

1201 cases. 

264 eases. 

50 60 

59 ( 30% 

r 60% 

■ 70% 

60- 70 

45 

1 1 


70- 80 

39 



80 90 

23 


90 100 

14 


100 no 

16 


no 120 

2 


120 130 

1 


130 140 

5 


Total 

335 



2 Strassburger Arch f khn med , 1905, Iwav „ , t. 

3 Stone, Willard, J The Clinical Significance of High and Low Pulse Pres 
sures with Special Eeferenee to Cardiac Load and Overload, Jour Am Med Assn , 
Oct 4, 1913, p 1256 
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TABLE 10— Scries B MiMjroM Prcssubc Beau at the Eouriii Phase 


Per Cent Ca'«cs 


5 10 

2 

10- 20 

S 

20 30 

44 

30 40 

63 

40 50 

73 

50 GO 

68 

60 70 

oG 

70 SO 

20 

SO 00 

32 

90-100 

11 

100 110 

13 

110 120 

1 

120 130 

2 

130-170 

5 

Total 

407 


141 cases, 


2G0 cases, 
G3% 


I 333 cases, 
I 81% 


In Senes B, in niiicli the pnlse-piessme is sniallei than in Senes A, 
we note that a gieatci numbei of cases occni in the lowei peicentagcs 
In both A and B we nia}' note that the gieatest nnmbei of cases do occni 
near the 50 pei cent inaik^ and if we w'cie to stiike an aveiage it would 
be close to 50 pei cent , yet this would be fai fioin lepicseiitiiig the actual 
tiuth These tables show that tlieic is a wnde laiige both above and below 
the 50 per cent inaik in iioinial indiMduals Oui findings heie w'ould 
wanantonly a statement that the pulse-piessuie equals fioin 20 to 80 pei 
cent of the diastolic pressuie in about 75 pei cent of the cases One 
objection may be otleied to oui deductions, and that is the compaiative 
youth of the subjects Consideiing the age, the physical development, 
the height of the blood-piessuies, and in the light of oui pievious obseiva- 
tions on oldei subject-s, w^e incline to believe this objection a negligible 
factor, and that our findings heie aie icpiesentative foi noinial peisoiis 
up to middle life Other obseivations on oldei individuals in health and 
in various disease conditions wnth wdiich v/c expect to deal in anothei 
papei, will bear out this point 


RELATION OR TOTAL STRENGTH TO WLOOn-TRESSERES 

We have pointed out previously"* that tlieie is no constant i elation 
between blood-piessures and total stiength In Table 11 we show that 
there is no definite relation between the pulse-piessure pei centage of 
diastolic pressuie and ciiculatoiy efficiency, such as is indicated by the 
general physical efficiency 

The uppei 146 cases give a pulse-piessure equal to 56 pei cent dias- 
tolic pressure, while the lower 150 cases (excluding the last three) give 

4 Baracli, Joseph H Physiological and Pathological Effect of Severe Exer- 
tion (the Marathon Pace) on the Circulatory and Penal System, The Archives 
Int Med, 1910, v, 382 
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a pulse pressuie equal to 61 per cent of diastolic pressuie, showing that 
theie IS no i elation between the total stiength and pulse-pi assure pei 
cent of diastolic piessuie 

It IS paitieulaily Moithy of note that the man who showed the highest 
total stiength ( 1724 ), had a pulse-pressuie equal to 100 pei cent of the 
diastolic piessure This man ceitainly had no evidence of caidiac ovei- 
load Also that one subject whose stiength was only 651 (the fouith 
lowe&t of the 344 cases), showed a pulse-piessuie equal to 80 pei cent 
of the diastolic picssuie 


TABLE 

11— liiE 

RcLAriox 01 

Total Strength to 

Blood Pressures 

Total 



Average 

Avei age 

Aveiage 

A^elage 

Stiength 

Cases 

Av Sti 

Max P 

Mm P 

P P 

P P % 

400 500 

1 

477 

117 

75 

42 

58 

400 500 

2 

445 

134 

82 

50 

62 

600 700 

1 

651 

126 

70 

56 

80 

600- 700 

5 

860 

129 

60 

44 

54 

600- 700 

3 

647 

121 

80 

41 

54 

700 800 

5 

774 

129 

88 

41 

47 

800 900 

6 

860- 

129 

66 

44 

54 

SOO 900 

10 

865 

123 

75 

47 

64 

200 900 

35 

871 

126 

84 

41 

51 

900 1,000 

3 

927 

130 

S3 

46 

59 

900 1,000 

19 

950 

126 

81 

42 

53 

1,000 1,100 

28 

1,045 

121 

78 

42 

51 

1,000 1,100 

4 

1,093 

117 

83 

33 

45 

1,000 1,100 

25 

1,048 

138 

67 

51 

66 

1,100 1,200 

14 

1,161 

123 

84 

39 

48 

1,100 1,200 

34 

1,152 

130 

84 

45 

54 

1,100 1 200 

27 

1,148 

124 

75 

46 

66 

1,200 1,300 

4 

1,243 

136 

86 

49 

67 

1,200 1,300 

22 

1,250 

135 

83 

50 

66 

1,200 1 300 

28 

1,242 

127 

so 

45 

58 

i 300 1,400 

5 

1,331 

120 

79 

40 

52 

1,300 1,400 

9 

1,331 

135 

86 

47 

55 

1,300 1,400 

13 

1,347 

121 

76 

44 

63 

1 400 1,500 

5 

1,456 

133 

89 

44 

50 

1,400 1,500 

12 

1 437 

137 

85 

60 

60 

1,400 1,500 

S 

1,465 

128 

(6 

50 

G6 

1,500 1,600 

2 

1,566 

121 

85 

36 

42 

w o 

1,500 1 600 

S 

1,542 

133 

80 

58 


1,500 1,600 

4 

1,537 

129 

84 

45 

54 

1,600 1 700 

1 

1,033 

132 

70 

62 

88 

1,600 1,700 

1 

1 058 

115 

08 

47 

69 

1,700 1,800 

1 

1 724 

140 

70 

70 

100 


1 ota] 344 

Compaiiiig the weak and stioiig hahes of the senes, winch is leiire- 
sentative of the subjects who aie moie likely and those who aie least 
likel) to have ciicnlatoiv inefficieiic} and cardiac oveiload, we see that 
the pulse-piessuie peicentage of diastolic piessuie can olfei ns no reliable 

index 

In a formei woik" it was slimui that tlie size of the pulse-pre«me 
is influenced bi the si'^tolic piessuie, and that the sistolic piessuie 
iniicli more lespoii^i^e e'sen to slight mfluences^ than is the dia^to ic 
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piessuie We musl also take into this consideration the fact that the 
unit of diastolic piessuie has a gieatei value than the unit m systolic 
piessure 

As time goes on and oui obseiialions accumulate and aie being intei- 
preted, we believe that moie and moic impoi lance will be attached to 
the height of the minimum piessuie, and that the height of the ma\imum 
piessure will be consideied of les«ei clinical impoit Ilian heietofore 
Ceitainly the ma\imuin pies'^nie alone is of no \alne excepting as a 
staiting-point foi a gues^ a'? to the aclnity of the ciiciilatoiy s}stem 

sextM U?Y 

1 In 90 pel cent of a sene'; of 65G health} loiing men the ma\imuni 
blood-pie^'juie was undei 350 mm ITg It would be still lowci if ive 
could eliminate ps} chic etiect 

2 111 OG pel cent of a ‘^eiio'; of 3 38 casc« the inininnim pic'^sine ivheii 
lead at the hith phase did not exceed 300 mm Jig 

3 In 87 pel cent of a sciic« of 332 ca^cs the niininiiim pic'^siiie, 
when lead at the fouith pha'^o did not exceed 300 mm Ug 

4 On loexamination of the 33 pei cent in the senes of 332 cases, 
ive found that 09 4 pei cent had a minimum blood-pies'suie not oiei 300 
mm II g 

5 In 92 per cent of the total 650 ca'-e'- the minimum piessuie did 
not exceed 100 mm Ilg at the time of the hi';! examination 

G In 88 pel cent ol a «:ene« ol G29 ca'-cs the pul'-c-pic'Jsuie langed 
betivceii 20 and 70 mm ITg 

7 Tlieie is no constant iclatioii between the pul=c-picssuie and the 
diastolic piessuie In 75 pei cent of a '-cues of 742 ca^os the pulse- 
pi essure compiiscs anjwheic fioni 20 to 80 pci cent of the diastolic 
piessuie 

8 Theie is no lelation between plix'-iral oniciency, winch also means 
ciiculatory efficiency, and piilse-piessnie peicentage of diastolic piessuie 
In a senes of 344 case"?, the pooiei half gave piactically the same pulse- 
pressuie to diastolic piessuie peicentage as the stiongei half, wnth then 
better ciiciilatoiy system 

4502 Fifth Avenue 



THE MECHANISM OE CAEDIAC DISPLACEMENTS IN 
PULMONARY TUBERCULOSIS - 

aiAURICE nSHBERG, M D 

NEW ■iORK 

Monogiaplis on tubeiculosis winch devote consideiable space to the 
physical diagnosis of this disease usually omit a discussion of caidiac 
displacements which aie so frequently encountered in chests affected by 
infiltiation, fibious degeneration, collapse, shrinkage and cavitation of 
2mlmonaiy tissue Some mention is occasionally made of dextrocardia 
as liable to occur in extensive right-sided lesions, but minor degrees of 
displacement, which aie so frequently taking place, are altogether for- 
gotten Some clinicians, howevei, have observed that dislocation of the 
heart occuis in pulmonaiy tubeiculosis moie often than is geneially 
appieeiated Tuiban’^ said that a displacement of the caidiac dulness sev- 
eral centimeters to the light, with or without displacement of the heart, is 
such a frequent symptom of moderate contraction of the right apex that 
he considers it a typical and cardinal symptom of right apical disease of 
some standing, and that it may be seen in many cases before the appear- 
ance of tubercle bacilli in the sputum 

In then work on fibroid diseases of the lung, Sii Andrew Clark, 
Hadley and Chaplin- show that of foity-five cases of pulmonary fibrosis, 
thirty-foui had cardiac displacements from a half to 3 or 4 inches out 
of its normal place Similar conditions weie found by these authors in 
cases of fibroid phthisis 

In this country Pottenger® has given the subject of caidiac displace- 
ment in tuberculosis considerable attention He found dislocation of 
the heart in some form and to some degiee in all cases where either a 
lessening oi increase in the volume of the lung occurs In another 
paper^ he gives the following statistics as to its frequency Of 163 hearts 
examined, 58 were in practically the normal position, 37 were displaced 
to the right and 77 were displaced to the left Of the first-stage cases 

* Read before the Section on Medicine of the New York Academj' of Medicine, 
Oct 21, 1913 

* Submitted for publication Nov 6, 1913 

1 Turban, K Diagnosis of Tuberculosis of the Lung, London, 1906, p 81 

2 Clark, Hadley and Chaplin Fibroid Diseases of the Lung, London, 1894, 
pp 157, 171 

3 Pottenger, F M Displacements of the Heait and Diaphragm in Pulmon- 
ary Tuberculosis, Interstate Med Jour, 1911, xMii 605 

4 Pottenger, F M 9 he Effects of Tuberculosis on the Heart, The Archives 
Int Med , 1909, iv, 306 
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one was displaced and 10 iieie in noimal position, of tlie second-stage 
cases, 4 weie displaced and 17 weie in noimal position, and of the thud- 
stage eases, 99 weie displaced and 31 weie in the noimal position 

In a clinical study of 3,344 case« of tubciculosis made at the Phipps 
Institute,® it was found that the heait uas displaced in but 57 instances 
13 times downuaid, 31 times to tlie left and 14 times to the light, of 
the last gioup, 5 weie ca^es of complete dextiocaidia On the other 
hand, Lawiason Bioun® finds that uliile in tlie incipient stage the heait 



lig 1 — CaMtj jn left iippei lobe, thickened pleui.'i at left base, heait dis- 
placed to left and downwaid Aoita and tinchcn <ilso disloctited 

IS raiely appreciably displaced, in maii}^ patients in modeiately advanced 
stages the ordmaiy methods of cxploiation show some changes in the 
position of the heart Prom loentgeiiogiapliic studies, C L Leonaid'^ 
found in a senes of 100 cases of tubeiculosis 36 displacements of the 
heart and aorta, in 17 it was displaced to the light, in 4 to the left, 

5 Norris, G W Ann Rep Phipps Institute, 1900, ii, 235 

6 Brown, Lawrason The Heart in Pulmonaiy lubeiculosis, Am Jour Med 
Sc, 1908, exxwi, 819 

7 Leonard, C L Compensation by Displacement of the Thoiaeic Viscera in 
Pulmonaiy Tuberculosis, Med Rec , 1912, Iwxi, 1 
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and m 5 a rotation took place with an upward displacement of the heart 
and aorta, so that the heart assumed an anteroposterior position Leon- 
ard IS of the opinion that marked alterations in the position of the 
intrathoracic viscera occur in the earlier stages of tuberculosis without 
visible changing of the excursion of the thoracic wall Similarly. 
Prancinef found that in many cases of phthisis the heart as well as the 
aoita, aie displaced He found it in 37 per cent of eases, and is of the 
opinion that dislocation to the right is moie fiequent than to the left 
When the pulmonary lesions are of fairly symmetiical character on both 
sides the heart is more commonly displaced to the right than to the left, 
according to Fianeine 

In a recent pajiei Felix Oeii® reports 413 eases of tubereulosis in 
uhicli the position of the lieait was carefully studied He found that in 
43 per cent of iight-sided lesions and 82 per cent of the left-sided lesions 
the heart was displaced, or more oi less shifted to the affected or more 
affected side It appears from Oeii’s investigations that disloeations are 
moie likely to occur toward the left side, a view alieady expiessed by 
Lawrason Brown “ This is not because left-sided lesions are more fie- 
quent — in fact, they are not — but for anatomical reasons to be dis- 
cussed later on Euedingei,** on the other hand, states that dislocations 
of the heart in phthisis is moie fiequently directed toward the right side 
than to the left Cases of tubereulosis of the light lung in which no 
cardiac dulne^s can be discerned to the left of the sternum are not rare 
He explains it by the fact that the right lung is the larger lung, and its 
force of retiaetion is more poweiful, so that traction on the mediastinum 
will be more effective when pulling it out of its normal location than 
letraetion of the smaller left lung On tlie othei hand, Lawiason Blown 
points out that it is readily seen that the displacement of the heart 
may be much more pronounced when fhe light lung is affected, for the 
displacement is most often associated with contraction of one lung In 
right apical lesions of some standing, even when the physical signs are 
slight, the right border of the absolute cardiac dulness may be found 
% inch 01 more to the light Brown states, however that marked dis- 
placement of the heart occuis much more frequentl}'' to the left than 
to the light, owing, possibly, to the fact that the tension, when the left 
lung contiacts, is exerted more diiectly on the heart For these reasons 
a very frequent displacement of the heart is upward and slightly out- 

T Francme, A P The Effects of Tuherculosis on Intrathoracic Relations, 
Am Join Med Sc, 1910, cxxxix, 732, Intrathoi acic Displacements m Pulmon- 
arv Tubei culosis. Bull Johns Hopkins Hosp , 1910, \xi, 244 

8 Oen, Feh\ Herzverschiebung' bei Lungentuberkulose, Beitr z Khn a 
Tuberk, Brauer’s 1913, xxvi, 123 

9 Ruedingei E Die Oiganveilageiung bei Phthise, Beitr z Khn d Tuberk , 
BiaueHs, 1910, wii, 151 
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'waid The heait, liowevei, may be so gieaily displaced to the left, fol- 
loAvmg contiactioii of the left lung, oi pneiimothoiax, oi plemitic effusion 
on the light, that the apex may be beyond fhe left anteiioi axillaiy line 
01 111 the thud intercostal space 

My own expeiienee with tubeiciilous patients is in agieement with 
that of Pottengei, Bioiin and Oeii In a huge nnmbei of cases of 
phthisis in which I looked foi the position of the lieait nliile examining 
the tlioiax, I found the hcait dislocated in sucli a laige piopoition tliat 



Fig 2 Caidioc displacenient to tlic loft nnd upwaid, bilatoial piilnionaiy 
lesion ■vMtli cavity m left iippei lobe Koto dislocation of the aoita to the left 


I wonder why text-books do not mention it, and why most clinician': 
overlook it In advanced cases of tubeiculo'Jis it is exceptional to find 
the heait in its noimal place It appeals, liowevei, that men pathologists 
have overlooked this fact, oi at least ha\c not taken note of it, peihaps 
because post-nioi tern conditions do not slion vividly the tiue location of 
the heait and its relations to the suiiounding lungs, especially in minoi 
degiees of displacement Lconaid" mentions a pathologist who did not 
believe that displacements could occui so fiequently in the eailiei stages 
of the disease, but since his attention was cliawii to it, he found dislo- 
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cations veiy frequentlj^ at neciopsies It is only since roentgenography 
has become a lontine method of examination in these cases that the 
displacements of the heart in tnheiculosis are being appreciated It 
seems to me that by determining the location of the heart, we can, as a 
rule, deteimine in which side the tuberculous lesion is located, or in 
bilateral lesions which side is the older or moie serious lesion, that is, 
accompanied by destiuction of lung-tissue and shrinkage 

Of 115 consecutive cases of pulmonaiy tuberculosis m winch within 
the last three months I have taken notes on the location of the heart, 
I found that in 58, or 60 per cent , the heart was dislocated Of 85 
instances with eaily lesions 31, oi 36 per cent, showed caidiac displace- 
ments Of these 22 weie displacements to the left and 9 to the right 
In othei words, 70 per cent of the displacements were toward the left 
in early and second-stage cases of tubeiculosis Of 29 fai -advanced 
cases, 27 showed cardiac dislocation, of which 15 weie to the left and 12 
to the right Heie, again, we have 66 pei cent of displacements to the 
left 

In the tuberculosis waid of Montefiore Home I found that among 18 
far-advanced eases with right-sided lesions, or in which the lesion was 
nioie extensive in the light side, 14 showed dislocations to the right and 
4 to the left, and in one the heait was in its noimal location Of 19 left- 
sided lesions, or lesions moie extensive on that side, there were 15 
displacements to the left, one to the right, in one instance there was 
no displacement at all Heie the displacements neie about equal 
between the two sides, and, with some exceptions, the shifting of the 
heart was toward the more affected side In the cases which did not 
follow this rule, we always found a leason for the anomaly to be explained 
latei on 

The mechanism of these dislocations of the heart is an interesting 
topic for study Experience with intiathoiacic tumors, aneury'^ms, 
pleural effusions and pneumothorax teaches that the heait is usually 
displaced toward the liealthy side in these cases I^diile during the 
course of pulmonary tuberculosis we often encounter cardiac displace- 
ments of this kind, as in pleurisy, pneumothorax, etc , yet I do not 
intend to speak about them in this paper What concerns us here aie 
displacements in which the heart is displaced toward the affected side, 
par attrachon, some French "nriters call it In the course of pulmonaiy 
tuberculosis, especially in cases lunning a chronic couise, the elastic lung- 
tissue in the affected region is leplaced by fibrous tissue The lung thus 
loses its elasticity to a great extent, and its motility suffers greatly 
Shrinkage is anothei feature, thus making room for any intrathoracic 
organ that may adjoin the affected part In cases in which there is 
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also vicaiioiis emphysema of ihe opposite healthy lung — and they aie 
not at all laie — the mediastinum is pushed towaid the alTected side 
Thus in many cases of pulmonaiy tubciculosis we have in the chest a vts 
a to go and a vts a fionie both effectne in displacing the heait towaid 
the affected side 

Within the peiicaidium the heait is fiee and smoothly movable, other- 
wise it could not pulsate legulaily and ihythmically The peiicaidium 
IS coimeeied above with the deep cenical fascia by a piolongation of 



Fig 3 — lubeiculous plcuiisy and cavitation of left lung, heart displaced to 
the left and downwaid, apevbeat in left a\illaiy line 

the fibious portion thiough the sheaths ovei the gioat vessels Two 
bands of fibrous tissue — known as the steiiiopericaidial ligaments — con- 
nect the fiont of the peiicaidium above and below with the posteiior 
surface of the sternum Below, the peiicaidium is connected with the 
central tendon of the diaphragm closel}’’ and intimately It is also firmly 
bound to the caval openings, but loosely attached to and easily sepal able 
elsewheie If its oblique position from light to left, as well as its 
stiong attachment to the diapliragm aie borne in mind, it is clear that it 
leqtiires great foiee to move the heart to the light, ivliile to the left 
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it IS more easily shifted When either traction from the left side or 
pushing' from the right side oceuiSj and especially when hoth foices aie 
opeiative, the only resistance to be overcome is the iippei attachment 
to the great vessels which is yielding^, as is evident from the frequent 
dislocation of the aorta, tiachea and even the laiynv m cases of phthisis 
But when the foices involved aie effective in displacing the heart to the 
light, its intimute attachment to the diaphiagm has also to be overcome 
It IS foi this reason that dislocations to the right are more often seen 
in fai-advanccd cases of phthisis, especially such as are complicated by, 
or which follou, adhesive pleuiisy, while dislocations to the left may 
take place in the early stages of the disease 

That the base, m spite ot its attachment to the gieat vessels, is moie 
moiable than the apex of the heart, has been proved experimentally and 
also by loentgenographic studies of cases of pleural effusion by Baid,^'^ 
Pities, Salle^- and many oiheis It has been found that when fluid is 
injected into the left pleuia tlicie is no displacement of the heart till at 
least 1,000 c c aie injected, and only then the heart moves a little to 
the light, but no nioie than 2 oi 3 cm When the injection of fluid is 
continued, the apex haidly moves held as it is fiimly by the central ten- 
don of the diaphiagm, but the base does shift to the light, and the 
whole body of the heait is mo\ed forward, nearer to the anterioi chest 
wall In cases of left-sided pleuiisy with effusion, Caiiiore^’ has found 
conflimatoiy evidence through loentgenogiaphic studies An effusion 
of from 700 to 1,000 cc does not at all displace the heart, the apex 
leinains in its normal place, and only vhen the patient assumes an 
erect posture, oi reclines on his light side, does the apex move from 2 to 
4 cm to the right, nearing the medran line In effusions of from 1 to 3 
liters the long axis of tlie heart becomes leitical, the apex is lowered and 
shifted to the median line, and with an effusion of 3 liters it is moved 
as far as the xyphoid appendix When the effusion exceeds this quan- 
tity, the heart is shifted completely to the right, but it is not swung 
over, retaining as it does the noimal diiection of its long axis from right 
to left and from above downward — the apex remains at the xyphoid 
appendix and the base is shifted to the right hemithoiax Toision is 
never observed 


10 Bard Eefoulement du coem \ droite et dextiocaidie cong6nit-vle, Ljon 

ni6d, 1892, IxM, 583, 1893, Kxji, 1, Refoulement du coeui a dioite dans les 

gpancliements pleuraux, MCd moderne, 1897, vm 185 

11 Pitres Les signes physiques des dpanchements pleuiaii\ et en paiticulier 
sur les depKcements du coeui, Aich clin de Boideaux, 1896, v, 1, 65, 241 

12 Salle De dCplacements du coeui pai les tpanchemeiits pleutaux gaiiclics 

au point de vue experimental et climque, These de Pans, 1908 1909 

13 Canihie Dfeplacement du coeui et des organs abdommaux dans ies 
dpanchements pleuritigiies, Presse mCd , 1898, a i, 349 
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Of couise, it IS often clitTeieni mill cases of phthisis mth strong 
fibioiis bands and pleuiopciicaidial adhe'Jions nhich immobilize either 
the apex oi the base and keep it in that jiosition In ca'^e the ba^^e is 
immobilized, the apex nia'^ moic ihiongh tiactioii by ■’ome othei fibious 
bands, and the heait a<=snmes a \eitical po'^ition mthin the che4, oi the 
axis ma} be le^elsod. inniiing fiom left to light but thi‘> i^ exceedingly 
laie Accoidmg to the amoniii, density, locaiion and diiection of the 
adhesions and pnlmonan i el i action that ma> be pie«ent in a gnen 
ease of phthisis, the heait mav be dislocated upnaid oi dommaid, to 



Fig 4 — C.udiac disloMiion to llie nglit A\ith jolalion on its sagittal and 
veitical axes, Inlatcial piilmoiiaiy lesion, adhesive pleuiisy in right hemithoiax 


the right or to the left I’lie apex may be lifted up to an extent as to 
bimg the heait m a hoii/ontal position lestmg on the elevated dia- 
phiagm Clinical expencnce shows many of these anomalous disloca- 
tions when we look foi them 

I he usual location of tubeiculons lesions is at the apices, and letrac- 
tion and scai foimation ocems moie often in the uppei part of the 
lungs and pletna, thus pulling the heait upwaid by fibrous bands lunnmg 
to its base from the affected lung oi pleura When the ti action comes 
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from the left upper lobe the heart easily yields and moves upward and 
to the left, when traction is exeited from the right apex, the effect 
depends on the extent and kind of lesion m the lung In cases with 
stiong tibioiis bands running riom the right pleura to the pericardium, 
especially when theie is also cavitation in the right lung making place 
for its leception— heie also Nature abliois a vacuum — and the left lung 
is emphysematous, encroaching ivitli its bulk on the right side of the 
thorax, pushing the mediastinum toward the right, all obstacles are 
or ei come moie oi less and the heart moves to the right side, in extreme 
cases we may find under these circumstances complete dextrocardia with 
the apex-beat to the light of the sternum Shrinkage of the lung takes 
place in both a horizontal and a vertical direction, and thus not only 
the mediastinum, but also the diaphragm is often dislocated Strictly 
speaking, elevation of the diaphragm in one side will push the heart 
upward and to the opposite healthy side, but inasmuch as fibrosis and 
retraction of the lung not only pulls up the diaphragm vertically, but 
retracts the lung horizontally, the heart is usually attracted toward the 
affected side When there is a pulmonary cavity and emphysematous 
lung on the opposite healthy side, it is evident that the dislocation will 
be toward the affected side 

In tuheiculosis the position of the heait is consequently greatly 
influenced by the position of the diaphragm An elevation of the right 
half of that muscle tends to shift the heait to the left, elevation of the 
left half of the diaphragm fiist raises the apex of the heart, bunging it 
into a horizontal position, and when the height of the left half of the 
diaphragm gieatly exceeds that of the right half, there may occur a 
dislocation of the heait to the right When pJemopericaidial adhesions 
are strong and dense they may pull the heait to the left and upwaid, as 
we see in many eases of phthisis, especially those following adhesive 
pleuiisy of the left side 

Older writers spoke of a form of cardiac dislocation in which that 
organ, fixed at its base by the great vessels, ivas swung over to the right 
side like a door on its hinges This has been found erroneous, as has 
been shown in the excellent anatomical, clinical and expeiimental studies 
of Bard,io Pitres,^ Salle"== and others, but we do know that rotation on 
its sagittal and vertical axes often does take place In the normal posi- 
tion of the heart the left ventricle is neaier the chest wall than the 
right, which is turned to the back As Oeri® points out, traction exeited 
on the right side brings the right ventricle nearer the chest wall, while 
the apex is moved away from it, traction on the left side may increase 
the obliquity of its position and pull the heart completely toward the 
left Cavitation in the left upper lobe, combined with fibrous band's run- 
ning between the pleura and peiicardium, dislocates the heart not only 
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to the left blit also iipiiaul, and this is gicatly assisted by the iipiiaid 
displacement of tlie diaphiagni, as iia*! alieady mentioned It must also 
be boine in mind that the left half of the diaphragm is easily movable 
Traction ton aid the light, if not vei) sliong, mav tiiiii tlic hcaii on its 
sagittal, and at time'? on it's lertical a\is, and a^: a result we find an 
inciease m the dulnes': to ihe light of the sleiniim, because the base of 
the lieait has appioachcd the chest uall uithout iiiiich 'jhifting, while the 
ape\, moied as it is backuaid, cannot be iound on in'speciion and peicus- 
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Pig 5 — Shifting of hcait to the light witli lotution on its sagittal avis in 
an evtensive light sided tubeieulous lesion 

Sion This explains some of the cases of veitical hoaits which we find 
so often in roentgenogiams when examining advanced eases of 
tubeiculosis 

When we haie two foices eombined, as in ti action on the light side 
due to drj pleuiisy with massive adhesions, pulmonary fibiosis, long- 
standing tubeieulous pleuiisy witli foimation of false membrane, pleuro- 
pericardial adhesions which immobilize the heart and fix it in an 
abnormal position, and an emphysematous lung in the left hemithoiax 


H Sahli Diagnostic Metliods, Second Ameiiean edition, p 251 
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making place for itself by encroaching acioss the sternum to the light, 
we may find complete and permanent dextrocardia In these cases theie 
IS no rotation of the lieai t with swinging all the way ai ound on its point 
of fixation at the gieat vessels, as was formerly thought This would be 
incompatible with life As has been shown by lecent experimental investi- 
gations at the neerops3'’-table and with the Koentgen ray, the heart is m 
these cases pushed ovei to the light hemithorax in toto, the base is 
usuallj'’ displaced to the same extent as the apex, and it retains itsnatuial 
oblique position in the chest — its long axis is dnected from above down 
ward and fiom right to left But instead of lying to the left of the 
sternum, it is located to the right of the median line of the body Care- 
fully studied cases of dextrocaidia of this type have been leported by 
Baid,^° Galliard,^® Lortat-Jacob and Laignel-Lavastine,^® Baibiei^’ and 
manj otheis I encounter these cases compaiativelj'^ often and at the 
Montefiore Home I haie had four under observation during the last 
three j^ais They are very raie in acute cases, running speedily to 
teimination by death, but in those which inn a chionic course extending 
over many years, dextiocardia may occur in extensive right-sided lesions. 
They also occui in eases of pleurisy which aie stiongly adhesive fiom 
the beginning, and follow rapid absorption of a pleiiial exudate when 
the lung does not leexpand quickly to fill up the space left vacant by the 
disappearance of the fluid In these cases the pleura foims a thick shell 
aiouiid the collapsed lung into which it “sends forth thick fibrous bands 
When the latter contract they may diag the mediastinum, thus filling 
up vacant space in the light hemithoiax 

I want to say a few woids about those rare cases of dextiocardia in 
which the base of the heart lemains in nearly its normal position while 
the apex is found in the right mammillaiy line, oi even further tovaid 
the axilla, the direction of its long axis is fiom above downward and 
fiom left to light It was this soit of case of dextiocaidia that foimeily 
led to the belief that in some dextrocardias the heart is swung over to 
the right side As has already been stated, such dextiocaidias do not 
exist because the kinking of the great vessels would promptly extinguish 
life These foims of dextrocardia usually occui in the follouing man- 
ner An effusion into the left pleura pushes the entiie mediastinum to 
the right and keeps it there until the fluid is absoibed oi lemoved In 
the vast majority of cases the heart then returns to its normal location 

15 Galhaid, M L Dextrocaidie par atti action. Bull et m6m Soc mCd d- 
hop de Pans, 1908, xxv 634 

16 Lortat Jacob and Laignel-Lar astine Dextrocardie acquise par letraction 
pleiiro pulmonaire a\ec car erne tubei culeuse. Bull et mem Soc mCd d bop d& 
Pans, 1906, wni, 814 

17 Birbiei Un cas de devtiocaidie lU cours d’une sclerose pulmonaire tuber- 
culose dioite, Bull et mem Soc d liOp de Pans, 1900, \xrji, 18( 
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on the left side but in some laie cases in winch tlie light pleuia is 
atfeeted, tlie apex of the lieait, iihile ‘;o]onining in the light hemithoiax'. 
IS bound down b} «tioiig pleiiiopeiicaidial adhesion‘5, so tliat iihile the 
base, which is fiee, nioies back to its noimal place, the apex remains 
fixed in its abnoimal position Such a ea=e ha« been lepoiied in detail 
b} Chahei and Eebattii,’® and in one case that I ha\e ‘joen this was the 
only plausible explanation foi the anomalou': po‘:ition of the heait 



Fig G — Acqiijjed dextiocaidia 

While in most cases of caidiac dislocation in tubeiculosis the heart is 
displaced towaid the aflccted side and in bilatcial lesions to the side in 
xvhich the older and moie ‘■eiious lesion is found, theie aie many excep- 
tions Pleuiopeiicaidial adhesions often pieient dislocation of the 
heart, which oidinaiily would be pulled oi puslied out of place At 
times we encountei extensive intiltiation, oi a laige cavity in the right 
Tippci 01 middle lobe, ivhile the lieait is dislocated 1 or 2 inches to the 
left In these anomalous eases I almost invaiiably found that in addi- 

18 Chaliei, J , and Rebattu, J Dcs dcxtiocaidies acquises, Puis m^d , 1912, 
p 305 
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tion lo the lesion in the right lung, there was also a thickened pleura 
at the left base, adheient to the left side of the peiicaidium which pulled 
and fixed the heart towaid the left side 

Pile routine methods of physicial exploiation show the location of 
the displaced lieait in phthisis easily and vividly, but in many cases the 
diagnosis is vei}'^ difficult, and occasionally almost impossible Tlie side 
of the heait adjoining the healthy lung is easily made out by percussion, 
but the caidiae dulness at the side adjoining the affected lung meiges 
with the dulness of the infiltrated and consolidated lung-tissue or thick- 
ened pleuia, and is difficult to sepaiate by any method of percussion 
The fluoioscope and the roentgenograiihic plate also fail at times to 
show a definite outline of the borders between the heait and lung: 
Indeed, I have found in manj'’ ea«es that the oithodiascope was of no 
value, because extensive infiltration and thickened pleuia have obscured 
all outlines which in noimal subjects show such a clear picture of tin? 
heait and lungs The diagnosis of dextrocardia is also sometimes diffi- 
cult Of course, from complete tiansposition of the viscera it is easily 
distinguished when the location of the livei, spleen, etc, is noted, but 
when we find the heart on the right side, the apex beating to the right 
of the sternum and the livei, spleen, etc, in their normal locations, the 
question may aiise whether we aie not dealing with one of those raie 
cases of congenital transposition of the heart in which this is the only 
organ displaced This is especially true of cases in which the heait was 
dislocated by a latent pleuiisy during infancy of which the patient can 
give no account The electrocardiogiaph may give us positive informa- 
tion in these cases, as by a study of the records from the different leads 
the axis of the heart may readily be deteimined We had a case at the 
Montefiore Home in which the question arose whether it was congenital 
or acquired, and the Eoentgen ray could give no positive diagnostic 
clues The electrocardiogram taken by Dr B S Oppenheimer, however, 
showed a noimal tracing 

While percussing and auscultating these chests, it is to be borne in 
mind that the heart is not only shifted from left to right, but in many 
cases there is also some rotation of that organ on its vertical or sagittal 
axis — the base approaching the chest wall, while the apex is shifted 
away from it As a result it often happens that the point at which 
the impulse of the apex is apparently found is altogether the impulse 
of the right ventricle Occasionally we find two points with impulse 
beneath — one in the second or third right intercostal space, and another 
near the xyphoid cartilage As a general rule, we may say that when 
on inspection palpation and auscultation we find the heart-beat at only 
one point, it is the base or the right ventricle which is visible and pal- 
pable, because in these cases the apex is turned away from the anterioi 
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chest ^\all, -when two points aie found with impnlses, the one to the 
left lepiesents the ape\ and the one to the iighl lepicsents the ba'^e for 
leasons just made cleai 

Eien in inodeiate dislocations we find that the caidiac sounds 
imdeigo mipoitant modifications Wliile it is iindoiibtedlv tine that the 
gieat fiequenc} of the accentuation of the ‘=econd pulmonic '^oiind; as w'cll 
as the impulse at the second left intei coital -^pace iieai the steinum, aie 
due to piilmoiiai} icti action, jet in a laige niimbei of cases the disloca- 
tion of the heait and lotation on it*: leitionl axic aie lespoii'^ible foi it 


L 


I'lg 7 — ^Acqinieil dextiocardia, Jaige ca\jly jii uppei and middle lobes, 

thickened right pleiiia, vicaiious cinphjsemn of left lung 

in a great measuie Similaily, often no apex-beat can be seen or felt, 
although percussion and auscultation show tliat it is located in its nor- 
mal place In some this is due to an emphysematous lung covering the 
apex, but in others rotation wnth shifting backwmid is responsible At 
times we find that although the apex is shifted to the left, the cardiac 
impulse remains wutliin the mammillaij’’ line, wdiich is also due to lota- 
tion of the heart on its vertical oi sagittal axis The fact is that two 
cases of cardiac dislocation shoiving the same signs and symptoms are 
very rare, which is clear when w'^e heai in wind the vaiious directions 
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in which traction by fibrous bands may be exerted and the ditfeient 
locations of shrinking pulmonary tissue, cavitation, compensatoiy 
emphysema, as well as the condition of the pleura in its relation to the 
peiicaidium, and above all the position of the diaphiagm It has been 
mj impression that in displacements to the left, the second pulmonic 
sound IS veiy frequently accentuated, while dislocations to the right are 
moie often accompanied by an accentuation of the aortic sounds In 
both cases it may be due to eithei gi eater conductivity of densely infil- 
tiated lung tissue, to obstruction of the pulmonary circulation as in 
emphysema, oi to the fact that the base of the heart has been moved 
nearer to the anterior chest wall 

The effects of cardiac dislocations on the circulation and on the gen- 
eral condition of the patient depend on several factors, especially the 
rapidity with which it is accomplished, the distance it is dislocated out of 
its normal position, and also the mode of displacement Most dislo- 
cations are found in very old and chionic eases, mainly in fibroid 
phthisis, and the effects on the circulation come on slowly and insidiously, 
the heart adapting itself more oi less to its new position Pottenger* 
observed a case in which the heart moved more than 1 inch to the right 
within a few days’ time owing to the formation of a laige cavity in the 
light lung near the heart border The symptoms weie extieme weak- 
ness, dyspnea, rapid heait-action and a tendency to syncope, lo«s of 
appetite and nausea, especially when the patient changed his position 
In a ease under my care, the heart was dislocated upward and to the left 
about iy 2 inches out of place within two weeks, and the patient, a boy 
aged 15, suffeied from extieme piostiation, dyspnea and tachycardia, 
and also showed signs of cerebral anemia 

In all the chronic cases of tuberculosis in which the heart is appie- 
ciably dislocated, tachycardia is a constant symptom, but tachycaidia 
IS a cardinal symptom of phthisis mthout cardiac displacement, and 
has been attributed by various authors to pressure on the vagus by 
owollen bronchial glands, or fibious scars, etc, and also to the toxemia 
of the disease In cardiac dislocation, however, we have an added 
mechanical factor In my expeiience annoying tachycardia is extieniely 
laie in afebrile cases of phthisis, unless there is also cardiac dislocation, 
when it becomes an important s^^mptom, and the least exeition results 
in seveie palpitation, dyspnea, iveakness, etc Euedingei believes that 
there aie undoubtedly forms of tubeiculosis in which the rapid lieait- 
aetion is primarily due to disturbances in the mechanism of the lieait as 
a result of the dislocation When we examine these cases fluoio^eop- 
ically, we find obvious reasons for cardiac embariassment in the dis- 
placement of the thoracic organs Some healed cases of tubeiculosis 
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lemain peimanen% witli tacli 3 ^caidia, and inasmuch as toxemia cannot 
be held lesponsible foi the lapid lieai t-action in inaclne cases ihe 
dislocation of the lieaii maj^ be held accountable 

SUJIilAHY AND CONCLUSIONS 

Caidiac dislocations aie ^ei) fieqnentl^ found in pnlmonaiy tnbei- 
culosis In fai-advanced cases of phlhisi': it is exceptional to find ihe 
Iieait in its noimal location, o^el 75 pei cent of ca^cs showing displace- 
ments of the heait In modeiately ad\anccd case': between one-tliiid and 
one-half show' displacements, and c\en come eaih ea'-ec aie lliiis aflcclcd 

Ihe dislocation is n'Jiiall^ piodiiced bj liaclion cxeited fiom the 
affected side Pulmonai} collapse and leii action. caMtation and fibioiis 
bands miming fiom the pleiiia to the peiicaidinm ding tlie heait out 
of its noimal place Pie^'snie excited In a Mcaiioiicli cmplnsematoiis 
lung on the opposite side gieatl} a^emt': in displacing tlic heait to the 
affected side, oi. in bilateial lesions to the cide which has the oldei or 
moie seiious lesion In mam ca'-c'- we can dctcimine in which side the 
tubei eiiloiis lesion is located oi in bilatoial Iccioim in which cidc the older 
01 nioie extensile lesion is located, b\ dcteimiiiing the location of tlic 
lieai t 

Dislocations take place iiioie oJteii low aid the left heinithoiax than 
toiraid the light foi laiioiis anatomical leasonc mainly, howmiei, because 
of the oblique po':itiou of the heait fiom light to left, and the '^tiong 
attachment of the niedia':tinum to the cential tendon of the diaphiagm, 
wdiich gieatly coiintciacts ti action cxeited fiom the light plciiia and 
lung As a lesult w'e find that about two-thiids of all displacements aie 
toivaid the left side In fai -advanced cases the displacements aie about 
equal between the tw'o side's of the chest, and dextiocaidia is not uncom- 
mon Acqiiiied dextiocaidia is alino':! imaiiably of tubei culous oiigin 

In many cases of phthisis the heait is not on]}' dislocated, but also 
lotated on its sagittal oi vcitical axis In tlie noimal position the eai- 
diac apex is nearei the chest w'all than the ba':e dh action excited on 
the light side of the mediastinum mav bung tlie base of the heait iieaiei 
the chest wall and pu'-li oi pull the apex away fiom it Elevation of the 
diaphragm also has a gieat iiifiuencc on the position of the heait, and 
togethei w'lth pleuiopeiicaidial adlic'Jions may dislocate the heait in any 
mannei — upwaid, downnvaid, to the light oi left, may bung it in a 
horizontal or veitical position, etc 

In the majority of cases the diagnosis of displacement can be made 
by percussion, auscultation and loentgenoscopy , but in some cases only 
the side of the heait adjoining the healthy lung can be mapped out by 
peicussion, wdiile on the opposite side its diilness meiges wntli that of the 
pulnioiiaiy oi pleuial lesion and cannot be diffeientiated easily, and at 
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times e^en the Eoentgen ra} is of no a%ail In dextrocaidia a good guide 
IS ilie cardiac impulse IVlien wc find onl} one point with an impulse, 
it IS usually the right ventricle that pulsates and not the apex because in 
these case' the latter is turned ana} from the anterior chest iwall, if we 
find tuo points uith pulsation the one to the left lepresents the apex 
and tlie one to the right the base or the light ventiicle 

^^^lllc taclncaidia and d}spnea of phthisis are usually due to toxemia 
of the disease the caidiac di'^placements aie also responsible to some 
extent Man} patients cured of tubeiculosis lemain with peimanent 
cardiac embairassment because of the displacement of the heart 
1337 Zlladicon Avenue i 
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The discover} b} BlunP that adiiiinisliation of epmephrm caused 
glj cosuiia at once suggested that its action miglit be due to an ctTect 
on the pancreas This Inpothesis tins tested b> Hcrior and ^Yakcman - 
tvho found that direct application of epinephiiii solution^: to the panel ea^^ 
caused the appearance of sugar in the urine BcncdicciilF and Pein- 
beiton and Sneet^ shotted that epincphrin injections diininich the flow 
of pancreatic juice The la'^l-naincd authors suggested the po-aibilitt 
that the “internal secretion’^ of the pancreas ttas likett*i=c inhibited and 
therefore diabetes resulted Edmunds,® hotvctei, set fortli that the 
inhibition of the pancioatic flow ttas due to a reduced blood-supplt to 
the gland brought about bj* tasoconstnciion 

An elaborate theor} os to the action of epmcplirm tins pronnilgntcd 
b} Falta, Eppinger and Budinger.**' a theor} ttbicb has lind the support 
of ton Xoorden," tiliose pupils tliese autliors ttere According to this 
theory, epinephnn inhibits the internal seciction of the pancreas, thcrcht 
pretentmg the oMdation of sugai; it stimiilates the tlitroid to incrca=od 

•This article and the siv follow iiip, m 7 . Iho^c of Graham Liisk and .T A 
Riche, E R Baldwin,.! A Hartwell, .! P Tlou^ct and Pinwirk Beckninn, C E 
Craig, Horst Ocrtel, C Vi 1 leUl, and \V \\ Herrick are contntaitiniis in com 
meraoration of the hundredth anniicr^arj of the foundation of the nieiUc.vl depart 
ment of Yale Unucrsih, and will be rcpnblislied ui book form 
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times c\en the Eoentgen ra} is of no a'vail In dextiocaidia a good guide 
ic the cardiac impulse lYlien Are find onh one point A\ith an impulse, 
it IS usuall} the right Aentiicle that pulsates and not the apex because in 
these cases the latter is tinned ana} from the anterior chest uall, if aac 
find tAAO points Avitli pulsation the one to the left lepiesents the apex 
•ind the one to tlie light the base or the light Aentricle 

Willie tacliAcaidia and djspnea of plithisis are usuallj' due to toxemia 
of the disease the eaidiae displacements aie also responsible to some 
cxtcni i^fan} patients cuied of tubciculosis lemain AAith peimanent 
caidiae cmbaiiassmcnt because of the displacement of the heart 
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gl3cosmia at once suggested that its action might l>c due to an eiTcct 
on the pancreas This lnpothc=is nas tested b} Ileiicr and ’Wnkoninn,' 
v.ho found that direct application of epinephrm solution'^ to ilie panel cas 
caused the appearance of sugar in the urine Bcnedicenti'' and Peiii- 
beiton and SireeP shoiied that epinephrm injections diniinich the flon 
of pancreatic juice Tlic last-named aiitliors suggested the po«^i!)ilih 
that the ‘hnteinal secretion^’ of the pancicas nas likewise inhibited and 
theiofore diabeto'; resulted Edmunds® hoMcicr, ‘?ct foith that the 
inhibition of the pancicatic flow was due to a leduccd blood-'-uppl) to 
the gland brought about by \asoconstnction 

An elaborate theor} as to the action of epinephrm was promulgated 
by Palta, Eppingei and Riidmger,® a theory whicli lias had the support 
of von Noorden/ wliose pupils thc'je authoi'- wore According to this 
theory, epinephrm inhibits the intemal secretion of the pancreas, thoieln 
preientmg the oMdaiioii of siigai , it sinnnlnles the thiroid to inci eased 

*Tliis article and the ri\ followm", m/ . tho«o of Grahnin LmrU and .T, A 
Riche, E R Baldwin, J A Hartwell J P Hoiifrot and FcnwicL Beehmun C P 
Craig, Horst Oertcl, C W Field, and W Herrick are coiitnhutioiis in com 
roemoration of the hundredth annnersaiv of the foundation of the medical depart 
ment of Yale Unnorsitv, and will he repuhliRhed in hook form 
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actiMtj, tliereb} causing an increase in protein metabolism^ and it causes 
a transformation of sugar into fat 

Altbougb not one of these statements is tiue, tbe theory has possessed 
a charm from -which many ha-^e not been able to fiee themselves, and 
it has also been productive of ork -which has sho-wn the matter in its 
proper light 

Thus, Einger® rendered dogs diabetic -with phlorhizin according to a 
method oiiginally perfected at the Tale Medical School by Eeilly, Tolan 
and Lusk,® and after freeing the dogs of glycogen by shivering, found 
that administration of epinephrin caused no increase of either sugar or 
of nitiogen in the urine Epinephrin, theiefore, does not cause the 
production of sugar from fat nor does it increase protein destiuetion 
through th}TOid stimulation 

The present paper deals with the lemaining question whether or not 
epinephrin gljcosuria is due to an inhibition of the internal secretion of 
the pancreas, winch thereby renders the organism truly diabetic in the 
sense that there is a decreased po-wer to oxidize glucose 

This pioblem has been consideied b} other authors, but their pub- 
lished results are conflicting Thus Hari’^® administered epinephiin 
intrapentoneally and intravenously to ciiranzed dogs from twentA^-four to 
thirty -SIX hours after the last food ingestion, and found that the lespira- 
tory quotient was somevhat increased above the level existing prior to 
the in 3 eetion of the drug The increase in the respiratoiy quotient -was 
usually coincident with a rise in blood-piessure Wilenko^^ employed 
labbits under urethane anesthesia and found that after the ingestion of 
sugar the respiratory quotients of normal animals ranged between 0 90 
and 0 98 Wilenko found, however, that if epinephrin were administered, 
the respiratory quotient did not rise under the influence of sugar inges- 
tion From this he drew the conclusion that epinephrin prevents the 
oxidation of carbohjdrate in the organism 

Fuchs and Eotlfl- administered epinephrin subcutaneously to three 
persons, one of -nhom had Addison’s disease, and found an increase in 
the lespiiatoii quotient Similar results which vi’-ere reported by Falta^® 
have been described in full by Bernstein 

The question of the mhibition of carbohydrate metabolism through 
epinephrin seemed to be in an unsettled state and one which might be 

8 Ringer Jour Exper Med , 1910, xii, 105 

9 Eeilly, Nolan and Lusk Am Jour Physiol , 1S98, i, 395 

10 mri Biochem Ztschr, 1911, xxxnu, 23 

11 Wilenko Biochem Ztschr, 1912, xln, 49 

12 Fuchs and Roth Ztschr f exper Path u Therap , 1912, x, 187 

13 Falta Die Erkrankungen der Blutdruson, 1913, p 428 

14 Bernstein Ztschr f exper Path u Therap , 1914, xv, 86 
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deteimmed bj expeiinients with tlie lespiiation caloriinctei constructed 
by Dr H B Williams m tins laboratoT} 

It may be added tiiat Allen/*’ using other methods, has reached the 
conclusion that epinephrin glycosuria is without i elation to diabetes 

expejuuertal 

The work was accomplished uith two dogs Both animals ueie 
given 0 001 mg of epinephiin (adicnalm hydrochlorid of Paike, Davis 
and Co ) per kilogiam of bod} u eight administeied siibciitaneou-^lv Tlie 



Chait sliowing the influence of cpincplirm on mctnbolisin Solid lines rcpic- 
sent calories calculated, broKcn lines calorics found, and dotted lines inilliginnis 
of nitrogen 


animals were biought into the calorimetei as soon aftei the miectioii o'? 
possible The urine of the period was collected by caiheteiiration The 
dogs were very active vliile iindei the influence of the diug, exhibiting 
unrest and polypnea as has been described by various authois Dog 3, 
which had rested quietly in the caloiimetei on twent3-onc previous 
occasions, became quite violent aftei leceiving epinephiin, incidentally 

15 Williams Jour Biol Chem , 1912, \ii, 317 

16 Allen Glycosuria and Diabetics, 1913, p 1063 
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lemoving the thermometei fiom the rectum and chewing it into pieces 
The rectal thermometer was theiefoie not used in the experiments with 
Dog 8 On this account the direct and indirect measurements of heat 
aie not so close together as they might he A wire netting w^as made to 
surround the dog bed so that the valuable internal adjustments of the 
calorimeter should not suffer damage 


TABLE 1 
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I^ecrosis of the skin alwajs follow^s subcutaneous injections of epi- 
nephrin giien in these quantities, but no permanent injuiy ensues 
Dog 3 retains a scai on the back at this wwiting, nearly a jear aftei 
the treatment, and has experienced fifty experimental periods in the 
calorimeter 

The full details of all the experiments are given in Table 1, and are 
graphically illustrated in the accompanying chart 

A THE ErPECT OF EPINEPHBIH INJECTIONS ON THE 
BASAL METABOLISM 

The lasal meiabohsm in this senes of papers has been taken as the 
average heat pioduetion during two or three houis of absolute rest 
following the eighteenth hour after the ingestion of a maintenance 
ration Benedict has latelj described this metabolism as being '^post- 
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absorptive” Since the basal metabolism or Grundiimsaiz maj icmaiii 
at the same level during months or cAcn 3 cars, it seems nnneccssaij to 
change its name It appears to be a desirable c\pic«sion representing 
a uniform base line which is immediately airccled by changes induced b\ 
food ingestion, mechanical 'll 01k, by \ariations in external teinpeiatuie, 
by drugs or by disease 
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The ba^al metabolism of Dog 3 (w eight — 12 1 kg ) was detcrniincd 
betiveen 11 a m and Ip 111 , beginning eighteen houis after the inges- 
tion of a standard diet consisting of 100 gm of hi‘-cuit meal, 100 gin 
beef heart, 20 gm lard and 10 gm of bone a'-h. This ilict contains 088 
calories, of uliieli 137 calories (20 pci cent ) are 111 piotcin, 231 (30 pei 
cent) in fat and 300 in carboh}diatc (11 per cent ) Tlic quaniitj of 
carbohydrate in the biscuit meal amounted to 73 gm ” 

At 1 p m the dog was lemoved from the caloiniictei, catheteri/ed, 
and at 1 13 p m leceived a subcutaneous inicction of 12 c c 1 1,000 
epmephrin solution The animal was returned to the calonmctci and 
the expel imental wmrk was resumed at 2 p ni The animal ivas extiemely 
active throughout the ex’pei imental peiiod of three liours Betw^ecn 2 


17 Lusk Jour Biol Chem , 1912, xni, 180. 
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p m and 3 52 p m (when the rectal thennometer ceased recording) 
the body temperature of the dog increased 0 83° 

Table 2 shows the influence of epinephnn injection on the basal 
metabolism of the dog 

This experiment shows that the injection of epinephnn does not 
increase the nitrogen in the urine During the period of the basal 
metabolism, calculations^® made in the light of the respiratory quotients 
show that 0 8 gm of glucose was oxidized per hour, amounting to 16 
per cent of the total heat evolved, while, during the period of epinephnn 
influence, 7 4 gm of glucose were oxidized per hour during three hours, 
3 lelding 62 per cent of the total heat produced The oxidation of sugai 
was mcreased ninefold The lesults are to be explained by the well- 
authenticated fact that the administration of epinephnn causes hyper- 
gljcemia^® thiough discharge of sugar from the glycogen stores of the 
body The 22 gm of glucose oxidized during the three-hour period 
corresponded to less than 0 2 pei cent of glycogen in the well-nourished 
dog, a verv model ate quantitj The urme of the experimental peiiod 
was free fiom sugar but after the usual standard diet had been admin- 
istered to the dog following its removal from the calorimetei, the urine 
became charged with sugar 

Tlie increase of 125 pei cent in the metabolism may be entiielv 
attributed to muscular movements 

This experiment shovs that epinephnn administered tioeniy-one hows 
after food ingestion docs not prevent the oxidation of glucose in a, ivell- 
noiirislied dog 

n THE EEFECT OE EPINEPHRIN INJECTIONS ON THE METABOLISM AFTER 

GLUCOSE INGESTION 

Tuo experiments were pei formed on Dog 8, a small, fat animal, 
weighing 11 kg The standard diet was given daily at 5 o’clock begin- 
ning on the eiening of Apiil 29 As the dog was not trained to lie 
quicth m the calorimeter the basal metabolism was not determined It 
could scarce!} liave exceeded 20 calories per hour 

At 9 a m 50 gm of glucose m 150 c c of water were given to the 
dog, and at 10 15 a m 11 c.c epinephnn, 1 1,000, veie given sub- 
cutaneously, the experiment began at 11 a m The results may be 
condensed as in Table 3 

Experiment 1 shou s that the urinai} nitrogen was 0 107 gm pei 
hour vhich is not above the usual output of nitiogen during the period 

18 Tor the ratthod of calculation see Williams, Eiche and Lusk Jour Biol 
Chem , 1012, Ml, OoO 

10 Vosburg and Richards Am Jour Physiol , 1903, i-?, 35 

20 Drummond and Noel Paton Jour Physiol , 1904, xxxi, 92 
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of basal metabolism of a dog nounsbed on the standard diet employed in 
tbis laboratory In Experiment 2 the nitiogcn elimination ivas found to 
be 0 I'l’T' gm per hour, an abnormall} high figure, undoubtedl} due to 
the necrosis of the skin brought about b} the previous injection of 
epmephrin 

In Experiment 1 there u as an elimination of 7 9 gm of glucose in 
the urine duiing seven hours following the injection of epmephrin 
Deducting this amount from 50 gm actually ingested, theie remain 
42 1 gm aiailable foi oxidation The respiiatory quotient of the six 
hours of the experiment vas 0 98 Calculating as before, it appears 
that 46 gm of glucose, or 7 7 gm per hour, u ere actually oxidized to 
furnish 171 27 calories liberated from carbohydrate in the organism 
This represents 82 pei cent of the total heat production during the 
period Smce the metabolism experiment did not commence until two 
hours after the administration of the glucose, it is eiident that the 
carbohjdrate oxidized during the six houis of the experimental period 
counted some glj cogen draun from the bodj's store of that material 
It mai be argued that epmephrin injection might produce an effect 
on the pancreas uliich might lender it moie susceptible if the injection 
Mere given a second time The experiment was, therefore, repeated in 
all its essentials on the same dog five dajs later The dog had received 
the standard diet at 5 p ni daily during the interim 

In Experiment 2 theie was an elimination during six houis of 
11 1 gm of urinary glucose, leaiing available for metabolism 38 9 gm 
of 50 gra ingested During the expeiimental period of five hours, the 
respirator} quotient averaged 0 99 The heat produced from caibo- 
hidratc uas 144 32 calories, uliicli is the equivalent of 38 gm of glucose, 
representing an liouih destruction of 7 6 gm In this instance, 85 per 
cent of the total calories of metabolism were derned from glucose 

Comparing these results with former work"^ accomplished on a normal 
dog uhich had icceived 50 gm of glucose, it becomes eiident that the 
injection of cpmeplinn in the dog has no influence on the meiahohsm of 
carhohydrate during the period of glucose ahsorption 

Ihe cause of epinephim ghcosiiria is best explained by the uork of 
Eitzmaim -- who found that sugai appeared in the urine onl) when the 
dose of the drug was sufficient to cause i asoconstnction Such a con- 
dition mav bring about anemia of the tissues, under uliich circumstance 
there 15 alva^s a production of lactic acid, a discharge of glucose from 
the gh cogen repositoiie= a marked increase in the qiiantitj of blood- 
‘=ugar and consequent ghcosuria Lactic acid may stimulate the re'^pira- 
tor} center causing poljpnea The oxjgen absorption is such, however, 

21 Lu=k Jour Biol Cliem , 1012, \ni, 27 

22 RitJumnn Arch f exper Path u Pharmakol , 1909, Ki, 231 
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that anemia of the tissues can onl> be relative, and is not sucli as to 
prevent a laige oxidative energy production 

STJilJUTlY 

The suhentaneous injection of epinephim in a Mell-nouiished dog 
twent} hours after the ingestion of a standaid mixed diet siillicient for 
maintenance caused an increase of the lespiratoiy quotient fiom 0 77 to 
0 89 El 0111 the former quotient it ina} be calculated that IG per cent 
of the heat production uas at tlic e\pcn=e of glucose, iihile fiom the 
latter it appeals that G2 per cent had that source Before the injection 
of epinephiin, 0 8 gni glucose Mas oxidized pei hour, and after the 
injection 7 4 gm pei hour The dog became musculaih actne about 
half an hour after the adinini=tialion of the diiig 

The subcutaneous injection of epincphiin in a dog mIiicIi had iccoucd 
50 gm of glucose lesulted, in one cxpeiiinent, in a rcspiratnn quotient 
for a six-houi period of 0 98, and a combiiction of gliico-c amounting to 
7 7 gm per hour, cm responding to S3 ]>ei cent of the heat pioduction of 
the period On lepetition of the experiment ^ix dai^ latei, tlic ie=pna- 
tory quotient Mas found to be 0 99 during a period of G\e }ioui« and tlie 
oxidation of gluco‘:e amounted to 7G gm hourli. being tlic cqiinalcnt 
of 85 per cent of the total caloiiG” produced 

The heat produced from the oxidation of 7 5 gm of gUifo'o i^^ 38 
calories, and the ba^al metaboli'^mc of the dog‘« did not exceed 30 cnlotics 
per houi Tins is suggc'^tne that epincplinn doG« not cause a diminution 
in the poMei of the organimi to oxidise glucose 

The theorj that epinephrin cauce': a pioduction of cufrar from fat, 
deci eases the powci of the organi'^m to oxidi/o glucose thioucdi inhibition 
of pancreatic function, and ‘-timiilntcs tlic tluioid =0 that protein metab- 
olism IS increased, is untenable in anj of it'? particulars 
Cornell Unucrsilj ^lodicnl College, York CiU 



EXPEEIMEXTAL STUDIES ON THE BLOOD-SERUM 
OF COWS IMMUNIZED AGAINST 
TUBERCULOSIS 

‘ siTiziTwy” or Liviyo tubercle bacilli" 

EDW ARD R BALDWIN, ]M D 

S^RA^AC LAKE, A A 

The experiments given in detail m this contribution relate to some 
calves that were immunized in 1902 and 1903 by intiavenous inocula- 
tions of human tubeicle bacilli The results of various serum reactions, 
including complement deviation, agglutination and precipitation, were 
published m 1904^ Bactericidal and bacteriolytic tests, which were 
biielly described at that time,* were also performed with culture bacilli 

Neailj all the calves were killed at the conclusion of the first- 
mentioned experiments Calf 5 was, however, retained for more than 
ten jears, being repeatedly inoculated with cultures and extracts of 
tubercle bacilli These were always of the human type, so that the 
actual test of iramunity-inoculation of bovine bacilli was never made 
Nevertheless, from the vell-knowm protection acquired by calves under 
similai tieatment, it is fair to assume that this animal was at least 
iclativelv immune 

The further study of immune serums in general, and of this animal 
especially, appeared of sufficient importance to indicate its letention, 
ac in the course of time additional knowledge of seiology was developed 

So fai as can be discovered from a search of the literature, no 
instance is mentioned of an immunized bovine being observed over so 
long a period At least, no observations of the blood-serum have 
extended over such a long time, to the best of our knowledge It seemed, 
thorefoie a sufficient reason for publishing some of the experiments, 
although thev are chiefl) of interest to laboratory workers in tuber- 
culosis 

Some of the experiments have already been reviewed® Of these, 
many were tests for opsonin or bacteriotropin, but the difficulty of deter- 

* I'rom Siranne L-iboratorv for the Study of Tuberculosis, Dr E L Trudeau, 
Director 

* ‘Submitted for publication March 3, 1914 

1 Studies from the Saramc Laboratory, Jour Iiled Research, 1904, mi, 

21") > j > 

2 ‘^tudu.-, from the Snrnmc Laboratorj, Jour liled Research, 1904, mi, 226 

•5 Opsonin* in luberculosis, Tr As«n Am Pins, 1907, p 617 
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miniDg the varying content of these suhstances by a noiinal standaid 
serum was not o'sercome, owing to the agglutination It was shown 
that a specific bacteriotropm was present, but it could not be measuied 

Previous eicpeiiments had failed to produce antitoxic serums foi 
tuberculosis, so that no extensive trial was made of the neutralizing 
effect of the immune cow-serums Neithei was the trial made of scrum 
injections on animals oi man with the hope of restraining infection as 
m the more lecent experiments of Neporoschny,^ Euppel and Eickman,° 
Calmette and Guerin,® Pawlowsk}^'^ and Sata® The harmful effects 
of foreign serums in producing anaphylaxis hn\e long been recognized 
as a drawback to seiotherapy Notwithstanding this, Ncpoioschny, 
Euppel and Sata asseited that their serums, vhen injected into guinea- 
pigs, retarded infection Calmette and othcis found similar seiums 
liarmful and the disease aggravated 

Our interest was centeicd in the plan of '^sensitizing*’ Ining tiibeicle 
bacilli with immune seiums It was hoped that by ‘saturating tubercle 
bacilli or their products with the immune antibodj from seiums, a 
better vaccine oi tuberculin might be produced The serum prr sc 
could thus be washed out but its specific \ nines retained, anchored to 
the bacilli 

"Withm the past three jears such a vaccine, made from B R. tuboi- 
culin sensitized by Euppel’s serum, has been patented in Germain b} 
P Meyer® and has been employed ns a mild-rcacting tuberculin undoi 
the designation "S BE’’ It is said to have diminished toxicit} in 
comparison vith plain B E Ncpoioschny also used ‘:uch a laccnic for 
immunizing dogs, who'^e seium in turn was employed in the tieatmcnt 
of tuberculo'^is lYc could not shov any Ic'^sening of ioxic effects of 
B E by our experiments 

As our work was with living, intact bacilli and with cow-seiiims of 
lower antibody content than the hor'?e- and mule-serums used by Euppel, 
it IS not possible to say that our results are contradictoiy in this lespect, 
though it would so appear in the methods hcie described 

In the details which follou, some protocols of our fust attempts at 
bacteriolysis are included foi the sake of completeness 

4 Iseporoschny, S D (quoted by Pawlouskv) Ztschr f Tuberic , 1011, 
xvii, 8 

5 Ruppel, W G , and Rickman, W Ztschr f Immuniiiltsforsch , 1910, 
•VI, 344 

G Calmette, A , and GuCnn, C Ann de Tlnst Pasteur, 1911, wv, 029 

7 Pawlowslcy, A D Ztschr f Tuberk , 1911, wii, 1 

8 Sata, A Ztschr f Tuberk , 1911, win, 1 , 1913, \x, 1 

9 Meyer, F Berl Uin Wchnschr , 1910, No 20, p 926 

10 Neporoschny, reviewed by Piel P Beitr z Kim d Tuberk, wi, 311 
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BOVIXE nrAlUKI/ATIOX , ■\TEAK-VIRULENT HUMAX BACILLI 

Baciciwidal Inflncncc of Immunized Seium fiom 
Ecxfcib Nos Jf, 5 and 6 on GuUuies 

The following notes weie made in 1903 of the first tests made with 
the serum of ^^o 5 togethei with others (ISTos 4: and 6) The animal 
nas then 11 months of age and weighed 240 pounds Three months 
proMOusly (Dec 1, 1902), the fiist immunizing inoculation of neak- 
\irulent liimg human tubeicle bacilli, culture El, had been administered. 
The dose was 0 0015 gm intiaienousl}' The serum was obtained 
tMent}-four hours after bleeding 

E\ri RI■\a^T 74 — ^Alsirch 19, 1903 Culture on agai of human tuheicle hacilh, 
Kl, moist grouth, Mnrcli S, 1903, emulsified in normal saline, centrifuged one 
minute, gai e a strongly opaque emulsion Took 0 5 c c tubercle bacilli emulsion, 
and 15 cc fresli actnc serums of No 2 (noimal) and Nos 4, 5 and G 
(inimunircd) , incubated one lioiii, centrifuged, decanted seiiims and planted 
four tubes each from the sediments 



CULTURE OROaVTUS 

Ilf EVPERmENT 74 



Serum 

Serum 

Serum 

Serum 


Date 

No C 

No 4 

No 5 

No 2 

Control 

!ilarch 2J 

3 good 

1 fur 

Good on 

all 2 fair 

2 good 


1 contam 

2 slight 

1 neg 


2 slight 


April 20 

} good 

2 good 

2 slight 

Good on 

all Good on all 

2 good 


Remit — No CMdonce of bacteiicidal influence on cultures of tubercle bacillus 
after treatment bv calf serums 

Jins cvporiment uas repeated three ivceks after the second inoculation of 
Cahes 4 5 and G v.ith 0 025 gm Rl tubercle bacillus 

LvprrIMI^T 90 — April 2, 1903 Culture human tubeicle bacilli Kl agar, 
Jtardi 10 1003 Rubbed in mortar uitli normal sodium chlorid, centrifuged 
tuo minutes ucak emulsion Scrums fresh, active, from bleeding April 1 Took 
Ice emulsion 2 cc each, Seiiinis 2, 4, 5 and G Incubated tivo hours, cen 
tnfimed A, sediment tiansferred to agar plates, B, part of the sediments 
uere treated a second time for nine lioiirs uitli 2 cc of fresh serums, then plated 
on agar 

April S A, good groutli on all in microscopic colonies, no contaminations, B, 
slight growth in Serums 5 and G 

Jlc’tult — No bactericidal influence clearlj ciident by tins method 

Otlier attempts to demonstrate bactericidal effects on cultures were 
made with the culture El and also Bith airulent cultures at this time 
but 'uithout success Contaminations avere frequent in some tests, in 
mo=t the tau=o of failure a\as the unccitainty of growth after soaking in 
the 'oruins T he method avas therefore limited to the use of Culture 
ivl, uhicli resembled the aaian bacillus, though said to haae been the 
direct descendant of Koch s first cultuie from human sources 
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Animal inoculations of tubcicle bacilli treated with Serums 2 and 6 
immunized bad alieady failed to reical any baclcnoidal effect, conse- 
quently no fuitbei attempts iveie made uitb Serum 5 until icpcatcd 
in 3 ections of tubeicle-bacilli pioducts oiei a long peiiod had been made 

Immunized Cow 5, Injected with Watci-Eitiacis of 
Tiihciclc Bacilli 

Duimg 1904. and 1905 laige quantities of filteicd '«alei-e\tracts of 
tubercle bacilli vreie injected into Cow 5, both subcutaneously and 
intravenously The amounts lancd from 25 cc to 175 cc, and fie- 
quent tests of the seium ueie made for specific asrglntinm, piccipitin 
and complement deviation 

The agglutination titer” reached only 1 to 100 and 0 025 c c donated 
complement but the precipitin titer uas lou — 1 to i 

EvPEUntFNT 237 — Oct 12. lOQ), Bnclonculnl tost hj inoculation Cou 6 
ueiglit 850 pounds luberculin tost 0,5 cc Xo ronction 

Xoiember 14 Bled 100 cc nscpticalh , dofibiiimtod willi iron shriMiigs, cen 
tnfuged 20 cc for scrum 

B 10 c c dobbnnntcd blood 1 c c emulsion tubercle bacilli Mrulcnt culture 
Imman H37, Xov 7 1005 Four oece to 4 cc normal snline 

S 5 cc scrum onh -}-0 5 cc ns bcfoie 

C 1 5 cc normal saline 1 cc ns before 

All incubated scacntcon hours, no contniiiinations, centrifuged, B nnd S 
diluted , B to 0 c c . S to 1 c c 

Xovember 15 Inoculated two guiiion*pigs intrnperitonenlh uith each culture 
as follows 



Amount Bach 


Weight 

Durntinn of 

Alorngc 

Culture 

in c c 

Xo 

gm 

Bife, Dais 

D'n s 

C 

1 25 

1 = 

150 

150 

.10 

11 

4 HI. 

S 

2 


47.5 

415 

13 

IG 


B 

n 


125 

13 

2215 



4 GO 

0.7 



Result — All the animals died of poritonenl tuberculosis with pome genernlirn- 
tion The animals inoculated with blood and tubercle bacilli boenied to ha\e a 
more rapid infection than the controls 

From this and other experiments v e concluded that prolonged expo- 
sure of tubeicle bacilli to noimal (0 8 pci cent ) saline solution, oten in 
the absence of light, has a weakening action on the Mtality of the lubciele 
bacillus 

BOVINE IJDIUNIZATION WITH VIBULENT IIUJtAN INOCULtTION 

The immunization methods hithcito employed appealed to pioduce 
little effect on the seium leactions of oui bovines It vas at least not 
evident m agglutinin, precipitin and complement-deviation tests to an 

11 With Koch’s agglutination emulsion, diluted 1 to 1,000 
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exient that was expected More Miulent Immaii bacilli were then tried 
Mitli the hope of stimulating greater reaction responses to tuberculin 
m]ections and presumably bacteriolytic antibodies 

To this end, Cow o, now being full-grown and in excellent condition, 
weight 850 pounds was gnen Noi 14, 1905, 0 020 gm (moist weight) 
m 10 c c noi-mal saline, iirulent human culture HS? broth from Oct 19, 
1905 intravenouslj in the jugular The highest temperature recorded 
in the next twenty-four hours was 102 6 F FTo ill effects were noticeable^ 
but the cow was left untreated for nearly a year except for occasional 
bleeding 

Coil Ko 15 — A fiesb cow, 2 years old, weight 650 pounds, tuberculin 
test negative, bad also been inoculated Oct 30, 1905, with (0 02 in 10 c c 
normal saline) virulent human culture H38 from broth Oct 15, 1905, 
intraienously in the same waj^ as Cow 5 No reaction occuired from 
the inoculation until the following day, when the temperature reached 
103 r at 5 p m Subsequently for thiee weeks the temperature varied 
from 103 to 104 F at the same hour 

The animal gradually resumed her normal condition, but had 
endeiith foci from the inoculation, though not a progressive infection 
After a 3 ear she was given a tuberculin test simultaneously with Cow 5, 
and leacted to 0 5 cc 0 T to 41 2 C (106 F ), indicating the persist- 
ence ol some unabsoibed tubercles resulting from the inoculation Two 
da^s after the test both Cow 15 and Cow 5 were bled for a preliminar}' 
te=t of the serums as to the bactericidal power 

ExpFr.niFKT 237 B— Oct 24, 1000 Bled Cows 5 and 15 two dajs after 
tuberculin test, Cow 15 reacting, Com 5 not reacting 

October 20 Serums separated Culture of virulent human tubercle bacilli 
TI3S w Small portion rubbed in mortar -}- 15 c c normal saline, centrifuged 
ten minutes Supernatant emulsion \erv weak and contains isolated tubercle 
bacilli 

A 0 5 c c emulsion -}- 2 c c normal saline 

B 0 5 c c emulsion 4- 2 c c acti\e Serum 5 

C 0 5 c c emukion -{- 2 c c actiie Serum 15 

All incubated asepticallv twentv four hours at 37 5 C {99 5 F ) 

October 27 Centrifuged A, B and C, pipetted B and C and discarded serums, 
added fresh scrums, rcspcctnelv. Serums o and 15 Incubated forty eight hours 
October 29 Bepeated and incubated twenty four hours 

Xoytmher 1 Bomoved and pipetted all tubes without shaking them The sedi 
mrnts yverc examined micro=copicallv for contaminations and for eyidences of 
U'ls in the tubercle bacilli All tubes uncontaminated no certain evidence of 
h'l': although some bacilli yicre yacuolated 

'November 1 Inoculated all sediments into guinea pigs, subcutaneoiislv right 
Lroin as follons 

Xoy ember 30 

Weight gm Bight Inguinal Nodes 

' 5 375 Not noticeable 

” - 335 Enlarged to sire of yyax bean 

9 310 Enlarged to sire of yvav bean 
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December 7 Pig 1 killed tlurty seventh day Pew small nodules in lungs 
No caseation in spleen and glands Smears from spleen, tubercle bacilli negati%c 

December 9 Pig 3 (370 gm ) killed thirty-ninth day by tuberculin injection 
05 cc 0 T Enlarged right inguinal nodes with caseation, cold abscess in 
groin, spleen enlarged and congested along its edge, a fen tubercles scon outlined 
in the liver 

December 10 Pig 2 killed fortieth day , tuberculin injection, B P , no rcac 
tion to 0 5 c c In good condition, weight 370 gm Enlarged and slightly caseous 
right inguinal nodes, no abscess, mesenteric nodes enlarged and caseous, spleen 
enlarged and beginning caseation, numerous small caseated areas in liver, none 
in lungs 

Result — Clearly no eiidoncc of bactericidal effect on the part of serums 
On the contrary, the control emulsion in normal saline upparcntlj failed to infect 
the animal, whereas repented treatment with fresh actiio serums did not destroy 
enough bacilli, if any, to prerent infection, altbough but few bacilli were present 

Immunizing Treatment, Cows lo ^ and, 5 f 

Cow 15 was given frequent injections of tubercle bacilli watcr- 
erfciacts snbseqnent to the preceding cxpcrimenfs Tlicy were injected 
subcutaneously and intravenously and no feici icnctioii'^ weic noted 
from 20 cc doses 

During the immunization of Coiv 15 with watoi-cvtiacts of tubercle 
bacilli, there was a different method tried on Cow o Tins nninial gnie 
no reaction to 0 5 cc 0 T . Oct 22 . 1006. a 5 ear nftei the inoculation 
of virulent human tubeicle bacilli The serum nggliitinntion titer uas 
1 to 33, practically that of a noimnl cow Injections were thoiofoic 
commenced of a prepaiation of tubercle bacilli icsulue left nftei extinc- 
tion w’lth watei and 10 pei cent sodium ehloncl followed b\ alcohol and 
ether This residue uas emulsified in noimnl saline, 1 0 um (dn) 
to 300 cc, and injected in inci casing doses from 15 c c. to 35 c( 
subcutaneously and intravenouslj Onlj slight reactions woie produced 
from 25 cc of the emulsion subcutaneoush After thiee weeks’ tienl- 
ment the agglutinin titei reached 1 to 75 An cxpeiinient was then made 
with the serum in comparison wnib tliai of a bcallby noimal cow, using 
a very weak emulsion of tubercle bacilh foi inoculation 


* The agglutination titer of Serum 15 never exceeded 1 to 100, nor was nny 
precipitin obtained The animal was slaughtered December, 1007, and the lungs 
and other viscera were normal in appearnnee The lung hihis Ijmiph-nodes were 
also normal except that the largest showed a wlntc cicatriv in its center No 
inoculations w’cre made with it so that its tuberculous source could only bo 
surmised 

fin March, 1907, some experiments were undertaken with rabbits inoculated 
intravenously with virulent human tubercle bacilli treated wulh Serums 15 and 5, 
and that of Cow 16 (normal), for a control, together with broth and normal 
saline controls After the inoculations the ten rabbits wore killed at stated 
intervals during the succeeding six hours with the object of studying the renction 
of the tissues to the “sensitized” bacilli Tlie pathologic study was never made, 
but other observations about that time tended to diminish the interest m the 
result 
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Etpebimekt 237 C— Dec 3, 1906 Qmnea-Ptg Inoculaitons — Cow 5 bled seven 
days after an injection of 25 cc residue subcutaneously, uitbout fever reaction 
Normal Cow 16 bled at tbe same time, 

December 4 Seium agglutination test Serum 5, 1 75, Serum 16, 1 60 
December 4 Prepared a weak emulsion of iirulent human cultuie H39 from 
serum slant, No\ 12, 1906, in normal saline centrifuged Supernatant emulsion 
pipetted, tubercle bacilli scarce in smears 

Used 0 5 c c emulsion + No 1 Control, 3 c c normal saline 
Used 0 5 cc emulsion + No 2 Control, 3 cc Seium of Cow 16 inactivated 
at 65 C (149 F ) 

Used 0 5 e c emulsion + No 3 3 c c active Coiv-Serum 16 

Used 0 5 c c emulsion + No 4 3 c c active Cow Serum 5 

All incubated twentj four hours, centrifuged Nos 3 and 4 
Decembei 5 Changed the serums for fresh active serums by carefully avoid- 
ing seuiment in pipetting 

December 6 and 7 Same procedure as followed December 5 
December 8 Centrifuged all tubes , pipetted all e\cept Tube 1 Added 3 c c 
normal salt solution to each tube except /Tube 1 When veil shaken and stirred, 
smears vere made fiom each for examination Tubercle bacilli were seldom 
found, out no morphologic change was seen No contaminations noted The 
contents of the tubes were then inoculated into twenty guinea-pigs, five to each 
senes Each tube n as filled to 3 5 c c and 0 7 c c inoculated subcutaneously 
in the right groin of each animal 

Jan 13, 1907 Thirty sixth day Inguinal nodes examined and palpated 

Senes 1 No enlargement 

Series 2 Two show hyperplasia, one doubtful 

Senes 3 Three show hyperplasia, two doubtful 

Senes 4 All show hyperplasia 

January 15 Thirty eighth day One pig in each lot killed by puncture They 
reiealed progiessively moie disease fiom Senes 1 to 4 No disease found in 
Senes 1 

January 16 Thirty ninth day All the other animals were killed and com- 
paied Senes 1 revealed no tuberculous lesions to eye Small gelatinous or 
translucent nodules found subpleurally in lungs of Series 3, 4 and 5 Inoculations 
of sections of lung into two guinea-pigs were negative after thirty three days 
(nodules probably lymph-nodes) 

Senes 2 Pig 1, deep inguinal nodes caseated, iliac nodes slightly diseased, 
otheiwise negative 

Pig 2, deep inguinal, iliac and lumbar nodes caseated, spleen involvement 
doubtful , lungs ha\ e translucent nodules as in Lot 1 

Pig 4, superfacial and deep inguinal and iliac nodes caseated, lumbar nodes 
and spleen slightlj diseased 

Pig 5 (pregnant near terra), deep inguinal and iliac nodes caseated, lumbar 
nodes and spleen doubtful 

Senes 3 Pig 1 (pregnant near term), inguinal, iliac, lumbar and lung lulus 
nodes caseous, nodules beginning in spleen which is slightly enlarged 
Pig 2, same as Pig 1, only moie pronounced disease in the spleen 
Pigs 3 and 4 same as 1 and 2, except beginning disease in liver Series 3 dis- 
tinctly more diseased than Series 2 

Senes 4 Pigs 1, 2, 3 and 5 show marked caseation and hyperplasia of 
inguinal, ihac and lung-hilus nodes, enlarged and nodular spleens, beginning 
areas in liver and lobular, translucent areas in lung All of this senes was very 
uniformly diseased and distinctly advanced beyond the preceding series 

Itcsult There was a definitely greater infection in animals of the immunized 
serum Series 5 than in tbe controls A similar difference existed between the 
animals of tJie control Serum 16, active and inactive, lespectivmly, while the saline 
control apparently failed to infect at all, as in previous experiments 
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Dwcussion 

It again appealed that onr immunized cow-seium was moie potent in 
favoring infection than in restraining it The conditions of the last 
experiment were so caiefull}’’ conti oiled that the accuracy of the obsena- 
tions was unquestionable The intei pi elation of them was moic puzzling 
Several suggestions weie consideied 

1 “Were the bacilli repioducmg in the seiums during the foui days’ 
successive incubation^ This is hardly probable, as the growth in inacti- 
vated serum would have been moie than in actne serum piesuniabl)’ 
exerting its alexin powei 

2 Did not the greatei agglutinating action of the immunized cou- 
serum act to protect the vitality of the bacilli by coating them vith 
agglutmins, and by reason of then clumping, render them moi c difficult 
of access to the leukocjdes of the guinea-pig than single bacilli^ This 
appeared more plausible but Icaies no ground to bclicio that the '5Cium 
plays an important part in the bacteriohsis of tubeicle bacilli The 
inference that cellular elements aie moie invohed in the diil> of oici- 
commg the tubercle bacilli was plain Oiii picliminau c\poiimcnts 
with defibnnated blood (Expeiiment 237 A) did not coier thi'J poinl 
satisfactorily Ilcnce a repetition of the voik seemed indicated with 
moie care in seeming tubercle bacilli free fiom clump': 

Gmnca'-Pig TnocxiJaUon vxih Vnxtlcxxf nixd Wcnl 
Txibcrch Baoxlh 

ExpnuMCN’T 237 C2 — Feb 1, l‘>07 Serum und LriiKop\tc^ Couh .1 ntul IG 
^Yere bled, the formei 8c^en dajs after the Inst clot-e of Inborclo b.iciUi rosulue, 
20 c e The serum vas separnlcd nt once from defibrnintod blood nnd used to 
repeat the prcMous expeiimcnls, ^er^ few tubercle bacilli being cinplo\cd An 
emulsion of virulent culture of liuman tubercle bacilli IT.T) cerum slant from 
Dec 31, 1900, A^as prepared and centrifuged ivche minutes It nns diluted 
and the control examined for clumps before being used Vorj few tubercle bacilli 
(1 or 2) ■were found in an entire smear and onlj rarch in clumps With tins 
very %\eak emulsion the serums were added as follows 

I 

A 0 5 cc conliol emulsion -p 3 cc Normal s.iline 

B 0 5 cc control emulsion -p 3 cc Serum 5 (actne) 

C 0 5 cc control emulsion -p 3 cc Scrum 10 (active) 

D 05 cc control emulsion -p 3 cc Serum 5 {inncti\e) at 0 5 C 

All incubated one hour 

In addition to the preceding, an attempt to increase the virulence of tubeicle 
bacilli was made in the followang manner 

An emulsion of weak-viiulent human culture HI, serum slant fiom Jan 23, 
1907, was prepared in the same ivay and the following mixtures made 

II 

A 0 5 c c emulsion -p 3 c c Normal saline 

B 0 5 cc emulsion -p 3 c c Serum 5 (active) 

^ All tubes w’ere incubated four succcssnc days, those containing sonims being 
centrifuged, pipetted and fiesli serum added each day All w'ere centrifuged 
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February 5 and tbe serums pipetted Before dilution smears were made of equal 
(measured in an opsonic pipet) quantities of the sediments to note any evidence 
of changes in the number and form of the bacilli 

Careful staining and examination failed to show any marked differences In 
some slides no tubercle bacilli were found, in others two or three in an entire 
slide Series 2 had ten to fifteen to a slide, the emulsion of El being stronger 

than H39 •. i -u 

To the sediments were added normal saline to make 3 5 c c in each tube 

Thirty guinea-pigs were inoculated in series of five for each test, 0 7 c c being 

injected into the right groin 

The cows were meanwhile bled again aseptically February 2, directly into the 
tubercle bacilli emulsion H39 prepared the previous day, as follows 

III 

A 0 5 e c emulsion -f See normal saline and 1 per cent sodium citrate 

solution + 5 c c fresh blood from Cow No 5 

B 0 5 c c emulsion -f 6 c c normal saline and 1 per cent sodium citrate 

solution -1- 5 c c fresh blood from Cow 16 

C 0 5 c c emulsion -f 5 c c 1 per cent sodium citrate solution { control ) 

After mixing and incubating six hours the blood-tubes were centrifuged, 
pipetted and the leukocyte layers transferred to tubes to which 1 c c sodium 
citrate solution was added to prevent coagulation These were also incubated 
four days Smears made of the final centrifuged cells showed numerous leuko 
cytes, but few phagocyted tubercle bacilli in polynuclear leukocytes A few 
extracellular tubercle bacilli but no clumps were noted in casual search in a few 
fields There was no apparent contamination The sediments were then inoculated 
into SIX guinea-pigs in series of two for each tube 

Neciopsies 

February 11, sixth day No 4) Senes I D (Serum 5, inactive) died Nothing 
abnormal found Agar and serum slant cultures from spleen, negative February 12 
February 12, seventh day No 2, genes III A (leukocytes) died of septice- 
mia (7) Large brawny infiltration at site of inoculation in right groin, begin- 
ning suppuration , spleen large Smears showed no tubercle bacilli or other organ- 
isms in pus from groin 

Pebruarj'- 13, eighth day No 4> Senes II A died of septicemia Eight inguinal 
nodes normal (smears negative to tubercle bacilli) , spleen and liver large and 
soft, hemorrhagic pericarditis, pleuritis exudativa Infection probably antedated 
tubercle bacilli inoculation 

February 20, fifteenth day Eemaining animals were examined and the lymph- 
nodes palpated All saline emulsion controls — 1 A, II A, III A and B were nor- 
mal I B, C, D, and II B serum animals showed suspicious beginning hyperplasia 
March 5, twenty eighth day All examined and distinct enlargement of regional 
lymph nodes found in all serum and leukocyte animals Controls II A Nos 1, 2 
and 3 were questionable 

March 9, thirty second day No 4-, Series I A control died of chronic septi- 
cemia, lymph nodes normal, smears from inguinal and bronchial nodes tubercle 
bacilli negative, liver large, pale (fatty’) , lungs show consolidation of cranial 
and part of caudal lobes, pregnant (3) near term (This animal was similar 
to several other old guinea-pigs that were found to have recovered partially from 
pneumonic septicemia ) 

March 16, thirty ninth day Seventeen animals were killed by puncture for 
comparison One of Senes I A, aU of the Series I B, C and D and all of IH A, 
B and C 

The controls in normal saline were all found normal No tubercle bacilli 
were present in smears from the inguinal nodes 

guinea pigs Series I B — (Serum 5) were all uniformly diseased with 
tuberculosis Large caseous inguinal nodes, beginning caseation in iliac, retro 
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pentoneal, bronchial and cervical chains, “hobnail” spleens i\ith slight caseation, 
liver also slightly caseated, small isolated tubcicles in the lungs 

. Four of Senes I C and three of I D nere piactically the same as the I B ani- 
mals, except that the caseation and infiltration of Ijmph nodes Mere less marked 
(Pig 4, I I) Mas not recoided ) 

The three from Senes III A and B (leukocytes) Mere also practically the same 
as the serum animals > 

March 18, forty-first day Tlie remaining Senes II A (saline control) and 
II B guinea-pigs were killed Thej all showed slightly enlarged inguinal nodes 
and a feu' cheesy foci which contained degenerated tubercle bacilli There were 
no signs of disease beyond inguinal nodes except that in one the iliac nodes Mere 
inyolved 

Senes 11 B (Serum 5) Well-marked invohcmcnt of inguinal and iliac nodes 
with slight caseation in all, moderately enlarged spleen and occasional caseous 
foci in livers, lungs normal, smears from inguinal and iliac nodes reveal vvcll- 
stained tubercle bacilli 

TVo fresh guinea-pigs were inoculated from the iliac nodes of Ko i, II B and 
the spleen of No 1 II B to note any possible increased virulence from passage 
after treatment by scrum from Com 5 They were both killed Julv 12, four montlis 
later, but were found normal One of the first controls Pig 2, I A (saline emul- 
sion), was also killed at the same time (after five months) and found to have 
chronic tuberculosis in lymph nodes, spleen and lungs The other. Pig 1, I A was 
lost 

RcsnUs — ^This experiment conlirmcd the results of the previous ones as to the 
favoring effect of immunised cow -serum on the infective power of tubercle bacilli, 
whether of virulent or low-virulcnt stocks 

The difference betMccn the effect of active and inactive scrums, while loss 
marked than might be expected, was distinct, as was that between the iniuiunucd 
and normal serums No appreciable effect was produced bv the Iciikocvtes that 
could not be accounted for b} the influence of the pla'-mn 'Ihcrc was at least no 
evidence of bactericidal action The vveakcning influence of normal saline was 
again demonstrated, most of the controls being free from macroscopic disease 
when killed No increase of virulence could be demonstrated in the culture III 
in the second passage as a result of scrum treatment 

Discussion 

The cause of the paiadoMcal inciease of infcclivii) of llie ‘^eium- 
sensitized bacilli was in itself a pioblcm of iinpoilanco and led ns into 
further experiments to discoyer the cause, if possible On the one liand 
we had found no multiplication of the bacilli in viiio and no moiphologic 
changes On the othei hand, we knew that the bacilli nere agglutinated 
by the serum in laige clumps It was conceivable that they wcie pio- 
tected, as it were, with a substance wdiich was inimical to then giowth 
only m the body of the homologous animal, namely, the immunized cow 
Unfortunately we did not have the facilities foi the use of more cahes 
Hence we could not complete the compaiisoii bctiveen inoculations of 
plain and sensitized bacilli We therefore tried corneal inoculations m 
rabbits, hoping by direct inspection to obseive the com sc of infection 
from day to day and thereby discover the cause of the difteiences 

Coineal Inoculations in Dablits 

Expebimekt 237 E— March 18, 1907 Bled Cows 6 , 16 and 16, seven days 
after injections of tubercle bacilli residue into the first two animals 
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Marcli 19 Serum separated Agglutmation titer Serum 5, 1 to 100 + , 
Serum 15, 1 to 100 + + , Seium 16, 1 to 33 to 50 

An emulsion of virulent human tubercle H38\x, serum slant from March 7, 
1907, good groivth, was rubbed in 5 c c normal saline, centrifuged ten minutes 
and filtered twice through sterilized paper The emulsion was faintly opalescent 
and when diluted once with equal quantities of saline gave smears with 3 to 5 
tubercle bacilli to a field and clumps seldom noted The following mixtures were 
made 

A 0 5 c c emulsion tubercle bacilli + 5 c c active Cow Serum 5 

B 0 5 c c emulsion tubercle bacilli 5 c c active Cow Serum 15 

C 0 5 c c emulsion tubercle bacilli -f- 5 c c active Cow Serum 16 

D 0 5 c c emulsion tubercle bacilli + 5 c c broth, 2 5 per cent glycerin 

E 0 5 c c emulsion tubercle bacilli -f 5 c c hydrated chloral 1 5 per cent 
solution 

F 0 5 c c emulsion tubercle bacilli + 5 c c normal saline solution 
All incubated twenty-four hours at 38 C (100 4 F) and centrifuged, 
pipetted -j- 1 c c HjO to each tube and transferred to small pointed tubes 

Again centrifuged and sediment used by smearing it on a corneal knife for 
inoculation Three rabbits were used for each series. A, B, C and D Three were 
used for E and F in the right and left eyes, respectively The periphery of the 
corneae near the nimbus was split under cocain to the width of 2 mm for the 
inoculation One animal of each senes was killed after six hours and another 
after seven days for microscopic study (which was later abandoned for other 
work) 

The eyes of the remaining rabbits were watched daily and showed characteristic 
differences A general description will suffice to show them During the first week 
the earliest to exhibit beginning disease was Series A (serum from Cow 5) 
Series B was practically the same, while C, D, E and F were progressively less, or 
had no signs wliateier, as in E and F 

During the second week metastatic tubercles began to show in the corneae of A, 
and a well developed focus in B and C as well In the third week subsidence of 
the series A, B and C was noted, while a gradual beginning disease was observed 
for the first time in D, E and F 

Apiil 16, 1907 Forty seventh day All killed Relations remain unchanged 
A, B and C have progressed slowly, A shows softening in each focus, B is still 
quite inflamed, metastases well marked, C is moderately inflamed but less than 
A and B, D has very slight inflammation remaining, E none, F progressive 
Necropsies revealed no internal disease except a few coccidia in two rabbits 
Result — ^A confiimation of previous experiments on guinea pigs in that the 
sensitized bacilli showed an accelerated infection 

The slight difference between the course of the disease in A, B and C 
in the rabbits’ corneae raised the question anew whether or not there was 
any specific influence of the immunized serums on the course of infection 
The following experiment was made to test this point in part, though 
the result was of no great importance 

ExPERniENT 237 I — April 3, 1907 Corneal tnooulaHo 7 is in rahhits — Five 
rabbits were each inoculated in the cornea of one eye with twice the dose of 
tu enty four hour sensitized bacilli with control serum than were inoculated in 
the other eve uith Serum 5 After thirty days the control eyes showed more 
disease than the others So far as this result could be applied to the question, 
the number of tubercle bacilli required to infect the eyes to an equal degree was 
less than twice the number treated with the immunized serum 

Cow 5 had no immunizing injections after March 11, 1907, until the 
following I^ovemher Durmg July, four months after the last injection 
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of tubercle bacilli residue, tlie serum was again tested in compaiison 
with Control 16 by another experiment on guinea-pigs 

Experiment 237 G — July 27, 1907 €hnnca-pig inoculaixons Cot.s 6 and 
16 bled 

July 29 Serum separated and mixed 111111 an emulsion of viiulcnt tubcrelc 
bacilli H39 slant-culture fiom June 12, 1907, containing four to five single 
bacilli to a field 

1 Took 0 5 cc normal saline emulsion and 3 cc actne scuini 5 

2 Took 0 5 cc normal saline emulsion and 3 cc actne scrum 16 

3 Took 0 5 cc normal saline emulsion and 3 cc inactne «crum 16 

All incubated tuenly-four hours then to each tube 10 cc normal saline iias 
added and centrifuged ivitlioiit stirring The sediments i\cre Masked tMice Mitli 
1 cc normal saline and finally diluted Mitli 2 cc normal saliiic for inoculation 
Ko contaminations 

Three lots each of eight gmnca-pigs. Mere gnen 0 25 cc in the right gioin 
They Mere all killed on the forti -fourth daj and the disease Mas fairlj uniform 
in all They shoned enlarged and caseous regional 13 'inph nodes, spleen, and a fen 
foci in the Iner 

Bcsiili — ^Probably little diffeicncc in the com so of infection, but possibh the 
dose of tubercle bacilli Mas too large to indicate slight difTcrenccs Lone cessa- 
tion of ticatment of the ininiiiin/ed con iiiaj account for smiilarilj to the contiol 

The results in the last expeiiment ucie confnmccl b> anothci c}e 
inoculation nine months after the la'^t iicatmcnt of Com 5 

Experiment 237 11 — No\ 11 , 1907 Conical inoculations in lahhits Scrums 
of Cows o and 16 bled I\oi 9 1907 Four rabbits inoculated as before Mith 
tMonti-foui -hour sonsiti/cd bacilli 1139 on opposite om's 

Ucsult — After frequent obsenations for tlnrti fi\e dais no difTorcncos Mere 
obsened 111 the com sc of infection, iihich lias gradual and mild thioughont 

The in 3 ections of tubercle bacilli le'^ulue into Cow 5 moio icsuincd 
iSTov 9, 1907, after a negatue tubeicnlin test of 0 5 c c 0 'P The closes 
weie lucreasetl eiei} thiee 01 four ila}s fiom 5 cc to 35 cc Decem- 
ber 20 

Another coineal inoeulation Mas nuclei taken ton dais later Mith the 
same technic previously clesciibed but using ici> fcM bacilli 

Experiment 237 T — Dec 31, 1907 Corneal inoculations m lahhits, uith 
serums of Com's 5 and 16 bled Dcceinhei 30 Both agglutinated 1 to 50 Emulsion 
of H39 sensitized tiicnti four hours and opposite 01 os of ten labbits iierc inocu- 
lated Mith a standard loopful of the lespeciiic sediments Smears of one loop 
of each shoiied clumps of tuo to file bacilli in a field Scium cul tines mcic also 
made but revealed no contaminations Caicful daily obsonatioiis on the course 
of infection Mere recoidcd The ejes of the rabbit inoculated Mith Serum 5 began 
to show intlamraatioii first, twice as many liai ing 1 edness and con 3 unctii al hyper- 
emia m the region of the inoculation up to the tenth daj^ In the contiols the 
redness was slight in scien ejes on the tenth dai’, nhilc it Mas maikcd 111 the 
eyes of all but one of the rabbits inoculated Mith Scium 5 Seven of the lattci 
also had distinct focal infiltiatioii of leukocytes, but none of the contiols shoived 
it until after the tenth day 

After twenty-six days five of the Scrum 6 eyes had a laigei focus, pannus, 
or beginning ulcer Only one of the controls ivas more diseased than its opposite 
when the experiment was terminated, the animals being killed by bleeding and 
puncture 
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Result —Clearly an acceleration of tuberculous infection by the inoculation 
of bacilli sensitized ivitb specific serum 

The method here employed was more satisfactory in that a daily 
ocular inspection of the piogiessing disease was possible and the com- 
parisons could be made on the same animal The human bacillus having 
mild infectmty for the labbit lestiicted the disease to the superior 
segment of the cornea and the animals betrayed discomfort only during 
the onset of the infection 

Penod of Intel rupted ImmumzaUon, Cow 5 
Another year passed^ during which time Cow 5 was under treatment 
with tubercle bacilli residue until June 11, 1908 Except for an experi- 
ment in January, 1908 (to be mentioned latei), no further test of the 
serum was made until six months after the last treatment, when it was 
determined to repeat the corneal inoculation method to see if there was 
again a loss of specific effect 

ExPEKiiiENT 269 — Dec 22, 1908 Si's, rabbits were inoculated with sensitized 
bacilli fiom Serums 5 and 16, using quantities of culture and technic as nearly 
identical with the pievious test as was possible The result after thirty days 
showed no perceptible differenee between the eyes as to the course of disease 
This confirmed our observation in 1907 that no specific effect was obtainable fiom 
Serum 5 so long after cessation of the in3ections of residue 

INCREASED PROTECTIVE INFLUENCE OF SENSITIZED TUBERCLE BACILLI 
AGAINST SUBSEQUENT INFECTION IN GUINEA-PIGS 

In consideration of the enhanced infective power acquired by oui 
weak virulent human cultuie El when sensitized by Serum 5 (Experi- 
ment ZdH C2) it was of interest to observe what effect on subsequent 
virident reinfection it would have As in former experiments the El 
culture had shown a marked protection against reinfection with virulent 
inoculation, it was possible to expect it to be increased, or, on the other 
hand, it might lessen the resistance of the animals 

Cow 5 was continued under treatment from November, 1907, to 
June, 1908 

Experiment 263 — Jan 8, 1908 Bled Cows 16 and 5 eight dajs after the 
last injection of 25 c c tubercle bacillus residue 

Januarj 9 Serums centrifuged and added to emulsion of weak-virulent 
human culture III broth from Dec 17, 1907, fresh growth Took 0 030 gm 
(moist) to 15 c c normal saline, centrifuged twentj five minutes, 5 cc super 
natant filtered thiough steiile paper and cotton several times and diluted to 
10 c c Smears gave 5 oi 6 tubercle bacilli pei field 
A 1 S c c emulsion 4 c c Serum 5 ( active ) 

B 18 cc emulsion -j- 4 cc Serum 16 (active) 

C 1 8 c c emulsion -f- 4 c c culture broth 

All incubated twentj -four hours, centiifuged A and B forty minutes, 
pipeted and replaced by 5 8 cc culture broth to each, mixed all tubes thor 
onghly Inoculated thirtv guinea pigs ten for each preparation, with 0 1 c c 
in the left groin subcutaneously Ten other pigs were selected for control to 
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the viiulent inoculation They were then kept for tlirce months before reinocu- 
lation 

Febiuai] 10, thnty second day Palpated and weighed Senes A, Pigs 
3 and 7, died emaciated February 4, slightly enlarged nodes in left groin, no 
others haie palpable enlaiged nodes, all but one losing weight 

Series B, Pigs 1 and 7 died in Januaiy, chronic pneumonia No signs of 
tuberculosis no enlarged nodes, all but thicc gaming weight 

Senes C, no deaths, no palpable enlarged nodes all haac lost u eight 
Series D (controls) One died of chronic pneumonia February 17, all but 
three losing weight 

February 17 and 18 Pig 4A and 4C died of chionic pneumonia, no other 
disease evident 

March 6 Pig lOA died emaciated no disease except left inguinal nodes 
larger than normal 

March C Pigs 1 and 4D died the formci only emaciated the latter uith 
large submaxillarv abscess 

Mai eh 19 Pigs 5 and GC, G and IID uerc taken for another expenmont 
March 20, sixtieth day Tlic tucnli six remaining animals were eacli inocu- 
lated in the right groin uith 0 3 cc centrifuged, filtered emulsion human tubercle 
bacilli H37 broth culture !Maich 3, 1908 Smears of emulsion shou from fi to G 
per held Practicalh all the guinea-pigs had gained weight c\ccpt Pig G of 
Series A and Pigs 3 and G of Series B 

April 5 Pig 8A died emaemted, no Msiblc disease both inguinal chains 
normal 

April 29 All killed for comparison except Pig 7A and Pig lOB (suckling 
young) 

Of the four, Senes A none had nn> trace of disease in the left inguinal nodes, 
but showed some tuberculous inaohcment m the right, smears were tubercle 
bacilli positne from the last, but negatne in the other, and also from the iliac 
nodes and spleens of all this scries otherwise normal 

Of the SIX of Senes B, two had both inguinal nodes iinohed all had light 
two with abscesses in the left, two in the right, one with iliac and the spleens 
of three wore suspicious though in two smears were negatne, otheiwise normal 
Of the se\en of Senes C, there was a close resemblance to Senes B in most 
of them, onh in one the left inguinal node being enlargeil 

Of the SIX controls, D, all had extensne umfornih caseous nodes, spleen and 
Iner, the latter in the first stages 9 he lungs were not diseased 

Pig lOB died emaciated a month latei with no Msible disease Pig 7V Ined 
until Feb 19, 1909, when it succumbed to advanced fibioid tuberculosis pie 
sumably from the virulent infection 

Result — ^Iheie was a slight difTcrence in favor of the immune serum sensiti/ed 
animals as to the extent of the infection, it being less than anv of the contiols 
None showed the amount of disease found in the normal serum controls, though 
the latter had hardlj reached bevond the inguinnl-iliac chain of hmph nodes 

Theie was an unnsuall)^ laigc mortality at fust in this eTpeiiment 
from chrome pneumonia, which detracted fiom its value m point of 
numbers The lesult was, howevei, suggestne of a specific influence in 
aiding the protective inoculation 

FwiliC) J mmumzaiion of Coio 5 

In consideration of the low agglutination titer and complement devi- 
ation that we had obtained with Seiuin 5, it was deteimined to tiy 
larger inoculations of human bacilli followed by tubercle baciUus residue 
before abandoning the seaich foi bacteiicidal piopeities in the serum 
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The dangers of intravenons inoculations containing clumps of bacilli 
from emboli m the brain and other organs necessitated caution 

In addition to this danger, which in one of our own calves and those 
of othei experimenters had led to tuberculous abscesses in pints, there 
was danger of anaphylactic shock, which at that time was well recognized 
as such, though formerly misinterpreted By sedimentation and dilution 
we hoped to avoid the fiist danger, and by moderate dosage, the second 
In this we were successful, and during the next two years Cow, 5 received 
four more inoculations of living, virulent human bacilli H37 besides 
intervening treatment with tubercle bacilli residue and other tuberculins 

The dates of inoculations were as follows 

Dec 29, 1908 Third inoculation, 10 cc centrifuged emulsion, estimated 
(by deducting sediment) 0 060 gm 

August 5, 1910 Fourth inoculation, 25 c c centrifuged emulsion, estimated 
as previously, 0 170 gm 

Sept 20, 1910 Fifth inoculation, 25 c c centrifuged emulsion, same esti- 
mation, 0 175 gm 

Dec 30, 1910 Sixth inoculation, 25 cc centrifuged emulsion, estimated as 
before, 0 130 gm 

Feier reactions from 103 to 106 F followed each dose within six hours, but 
subsided on the next day The con remained in fine flesh and condition thiough- 
out the fuither treatment, jet no reactions resulted from subcutaneous tuber 
culm injections of various kinds Feb 1, 1911, 1 c c 0 T diluted was given 
intravenously There was respiratory embari assment for ten minutes followed 
by a fever to 105 6 in six houis Feb 7, 1911, 15 cc 0 T was given in the 
same waj' Marked difficulty and acceleiation of respiration followed, with 
dizziness and a temperatuie of 104 5 in six hours 

The symptoms of anaphylaxis yvere too yyell maiked to permit further intia- 
yenous injections Further subcutaneous injections of W E and T 0 were 
given, but produced no higher agglutination titer than 1 to 100 A slight pre 
cipitation reaction was obtainable The complement deviation yvas also found 
no lower in many tests with the same stock antigen The titer during 1910 
and 1911 yvas 0 02 cc seium to completely absoib complement with 0 1 cc 
T R emulsion (0 001 gm dry to 1 cc ) Considering the unpromising outlook 
for a higher grade of antibodies the immunization was discontinued April 27, 

1911 ” The animal was still in perfect condition when slaughtered in December, 

1912 Very unfortunately no postmoitem examination was feasible, as she was 
kept at a distance from the town 

Final Expel iments to Test Bactencidal Effect of Beium, Goto 5 

Espehiieent 206 A — June 23, 1909 Subcutaneous Inoculations Six months 
after the third reinoculation, during which time continuous treatment with 
tubercle bacilli residue was earned on Bled Coyvs 5 and 16 

Julv 27 Incubated with emulsion virulent human culture H41^ (prepared 
as in previous experiments) four days without change Centrifuged, inoculated 
subcutaneously into five pigs for each test in right inguinal region Serum 5 
animals died sooner than those of Serum 16, the average being 36 2 days as com 
pared w ith 55 2 day s for the controls 

The Serum 5 animals emaciated and revealed disease in the inguinal and 
iliac nodes with caseation or beginning abscess One survived three months 

13 It must be confessed that we droppea this work at this point because other 
things seemed more important, and it was impossible to keep large animals near 
the laboratory with our limited facilities 
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and had an abscess m the gioin ■v\ith spleen and lungs m\ol\cd The controls 
that survived longer had more disease and three shoved caseous nodes and foci 
in the spleen 

Result-— 'No specific cfTect of Serum 5 vas demonstrated in tins experiment 
unless the shortei a^cragc lifetime of the Serum 5 animals may be ascribed to 
some toxic action pioduccd by the serum acting on the tubercle bacilli and vhieh 
vas liberated in the animals The animals vere in poor condition at any rate 

A final attempt to show a baetciiciclal influence of Seium 5 t\a‘5 
made a month aftei the sixth and last inoculation, and a week aftci a 
tubeiculm reaction on Feb 1, 1911 

ExPEBniENT 206 B — Feb 7, 1911 Jnijacutancous juoculaiwns A dilTercnt 
method was tried in this experiment b\ comparing intracutaneous inoculations 
made on the same animal simultancoush A new normal cov vns used for 
control serum, and both actno and imclne scrums used, logclher vith a brotli 
control Opposite sides of six guinea-pigs vere sliaicn and the inoculations made 
after three davs’ incubation with human tubercle bacilli n'17 1 he inoculations 

were made sudiciontly far apart to cnu«c nn\ niaikcd difTcrence in the icnclions 
to be noticeable Ihc infections wcio pnctiealh the 'Janie up to tlie ninctccnlh 
dai, when all but the brolli controls began to show cs'-oous ccnteis 'Jhc Scrum o 
(actne) seemed more inclined to ulcoiate than the rest \ct the infiltiation and 
redness were practicalh alike At this lime no hnijili nodes showed (nlaigc 
ment As no ceitain dincrcnces were assured the aiunnls were soon killed 

Result — ^No ciidence of specific action from Scrum 5 in this expenment 

DISCUSSION 

The gcneial effect noted throughout the foicgoiug expeiiments uas 
unfavorable so far as au) practical taluo of the immuni/ed cou -seium 
m the therapy of tuberculosis 

The sensitr/ed liMiig bacilli which we hoped might be weakened 
by the serum wcie in fact lathei more infectnc and theiefoie less 
available foi vaccines 

The phenomenon of increased infectnit} was assoemted with scrums 
from the cow’ undei actne immuni/ation with T F Dunng lasting 
peiiods the serum lost its property foi the time, but =0011 icgniiied it 
when the injections of T E were lesumcd 'J’he antibody leactions weie 
never strong, and the agglutination was tlie most delicate and pioiiounced 
of any The serum titei was, notwillistanding, often no higher tliaii 
that from a noimal cowg so that it was difUcult to iiiidcr'jtaiid that the 
difference in infectivity was due to the gi cater agglutination Coii'^id- 
ermg the claim that serum-sensitived B B tubeiculm is moie easilj' 
absorbed than the plain emulsion', one may account foi the incieased 
viiulence produced m guinea-pigs and labbits by the bacteiiotiopic effect 
of the serum on living bacilli as w'ell as by the agglutination 

It may be that specific agglutinins and bacteiiotropins excite a moie 
active phagocytosis under these conditions The leukocytes ingest laige 
clumps of agglutinated bacilli which they arc unable to dispose of 
In the non-sensitized bacilli they find them in singles and can wnaken 
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or kill them more readily As a working theory the preceding explana- 
tion, partly mechanical as well as biological, may account for our results 
In many other pathogenic organisms one may note rapid lysis under 
the influence of antiserums or in similarly sensitized bacteria when inocu- 
lated Even were an active lysin present in our cow-serums the difficult 
solubility of the tubercle bacilli undoubtedly masks it 

It has in fact been suggested that by prolonged digestion of living 
tubercle bacilli m active immune serums (as in our experiments) the 
weaker bacilli are devitalized, if not dissolved, leaving only the most 
vigorous and resistant ones The latter when inoculated, being clumped 
together, are able to survive the cellular digestion longer In these 
ways one may explain the seeming paradox in our results and the causes 
for the earlier reaction and further spread of the disease m the inoculated 
animals 

Intracellular digestion of tubercle bacilli is slow when observed in the 
peritoneal exudate of previously infected animals It is much slower 
m control animals and few observers have claimed to dissolve them at 
all in immune serum in vitio The peeuliaiity of the wax m tubercle 
bacilli places this organism m a class by itself as unusually resistant 
agamst lysis Under the most favorable conditions for the lysis of 
tubercle bacilli a few often escape and may produce an infection , hence 
the difficulty of experimental demonstration of the mechanism 

Some consideration should be given to the possible influence of the 
cow-serum as such in our experiments In most cases it was washed 
out of the prepared bacilli and only the antibody fixed to the bacilli 
could come into the question There is no reason to think that it caused 
any aggravation of the mfection, except through the anchored antibody 
It IS tiue that other observeis (Calmette and Guerin^*) have found 
that immunized cow-serum aggiavated the disease in guinea-pigs, though 
in a lecent tentative experiment Eothe and Bierbaum^® on two guinea- 
pigs thought that 0 1 to 0 2 c c immunized cow-serum mixed with 
tubercle bacilli twenty hours weakened the infection Immunized cow-, 
horse- and mule-serum were found by Euppel and Eickman^® to restrain 
infection m gumea-pigs by injections of 5 c c , though it is not stated 
which seium was used, nor have furthei details been published 

Eearly all of the eailier experiments were with repeated injections of 
hoise-seruni or that of other immunized animals Babes and Proca,^'^ 

14 Calmette and Gu6nn Ann d I’lnst Pasteur, 1911, xxv, 626 

15 Eothe, E, and Bierbaum, K Veroffentl d Robert Koch Stiftune 1913, 

Xos 8, 9, p 169 6 > 

16 Ruppel and Rickman Ztscbr f Immunit lasforsch , 1910, vi, 383 

17 Bibos, V , and Proca G Ztschr f Hyg u Infectionskrankh , 1896, 
will, No 3, p 331 
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Karwacki^® They weie usually harmful because of the anaphylactic 
sensitization piodiiced^ which at the time was not undei stood 

In all these expeiiments with antituberculous seiums it must also be 
remembeied that an anaphylactic antibody to tubeiciilo-piotein must 
fiequently be piesent in the seium This might be a source of slow 
poisoning to a tubeiculoiis animal by acting on the bacilli and setting 
free small amounts of anaphylatoxin It is conceivable that the eail} 
reaction and gi eater iiritation of the rabbit cornea seen m oui expeii- 
ments with immune-seriim-sensitized bacilli weie due to this cause 
The piobability of this is lessened bj the fact that the poison would 
have been equally stiong, if not strongei, from the bacilli Eon<;itized with 
inactivated than with the aetne seiimi 

To lecapitulate the conclusions of most impoitancc, the folloumg 
summary may be presented 

SUJIXIARY 

1 The foregoing expeiiments relate to the pioperties of the senim 
of a cow repeatedly immunized against tiibeiciilosis dining a peiiod of 
ten years 

2 Six intravenous inoculation'; of Ining hinnan cultincs of tubeiclc 
bacilli, both of virulent and ueak-%iinlcnt infcctiiit}, beside'; numeious 
injections of all fonns of tuberculin, ueic gncii to this cow 

3 Specific agglutinin, piecipitin. opsonin, and complenicnt-dc\ lating 
antibody were demonstrated in varying degree in the ^eiiim but nevei 
leached a high content 

4 The presence of a bactciioljsin was not dcinonstiatcd , neiiliei was 
a bacillicidal effect lecognizcd eithei in the ceiuni oi leukocytes 

5 Livmg human tubercle bacilli “sen'^itized ’ vith the immune seiiim 
showed increased infectnc pov.ei in gumea-pig? and rabbits ns compared 
with noinial cov-ceium 

6 The incicascd infectiie powei uas mnnifc'^lcd by eailioi and more 
maiked leactions oi inflaniniation following inoculation, and a under 
spread of the disease than in controls 

7 This acceleration of infection was not manifest unless Ihe cow had 
recently received injections of puheii/ed bacillus lesidue, but the 
immune-serura-agglutinm titei was not ahvays gieatci than the noinial 
cow serum 

8 To explain the appaicnt paiadoxical action of the immune seium, 
it IS suggested that the strongly agglutinalorl bacilli weic piotcctod fiom 
injury by the leukocytes of the inoculated animal by reason of the clump- 
ing The bacilli weie piesiimably phagocyted in large masses but more 
difficult of digestion foi that reason It may also be suggested that the 

18 Karwacki, L Ztsclir f Tuberk , 1900, vni, 52 59 
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bacilli laden with antibody (opsonin) were more lapidly pbagocyted 
and scatteied, but owing to the resistant was were not digested in 
sufficient numbeis , 

9 A ^'sensitized” hving tubercle-bacillus vaccine is not safe or prac- 
ticable when prepared from immune bovine serums, considering the 
above-mentioned results 

My heartiest acknowledgements are due, especially to Dr Joseph L Nichols, 
Dr J Woods Price, and the late Dr Albert H Allen, who assisted in these 
studies 

The cvpense of this work was borne by Mrs A A Anderson of New York 
City, to whom we also owe our thanks 



AE EXPEEIMENTAL STUDY OF INTESTINAL 

OBSTEUCTION 
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FENWICK BEEKHAN, 1^1 D 

NEW YORK 

Intestinal obstruction in man, if iinrelieied, speedily causes death 
The fatal outcome is too rapid, to be the lesult of staiiaiion, and tliiee 
general theories haie been advanced to explain it 

1 A disordei of the nenous mechanism controlling the cardiac 
and vasomotor systems 

2 A bacterial infection of the oiganism by the passage outwaid of 
bacteria from the intestinal lumen 

3 An intoxication from poisonous substances imprisoned in the 
mtestme orally to the obstiuction 

Two modifications of the last tlicoi} ha\c recently come into piom- 
inence The first vas originally advanced by Vidal.’ and moie recently 
elaborated by Maury Diapei* (formeily Diapei lilauiy), in mIiicIi the 
presence of a substance in the upper intestinal tiact vas believed to 
exist, which unless neutiali/ed by substances elaboiated lower dovn, 
entered the system as a poison 

The second modification is adianced by Whipple, Stone and Bein- 
heim ^ These workers belieie that stagnation of the duodenal contents 
results in the formation of a severe poison, vhich leadily entcis the 
system, and produces death This poison may be obtained fiom the 
mucosal cells of the duodenum as veil as fiom the duodenal contents 

THE theout or a nfiivods disordeii 

In favoi of this theoi}', clinical evidence has been adduced The 
tachycardia, the low blood-pressuie, the profound collapse of the patient, 

4 

* From the Departmont of Surgery of il)c Cornell Univoi sity !Metlical College 

* Submitted for publication March 3, 1914 

* Preliminary reports on the \vork Iterc detailed have appeared in Am Jom 
Mod Sc, March, 1912, p 357, Join Am Med Assn, 1912, liv, 82, Jour E\pei 
Med, 1913, xviii. No 2, p 139 These leports are freely abstracted in the 
present article in older to piescnt the subject in its entiretj' 

1 Vidal Rev dc chir , 1900, \mi, 521, Cong Franc de chii , 1905, wmii, 
1237 

2 Draper, J W Expeiimental Intestinal Obstruction, Jour Am !Mcd Assn , 
1911, Ivii, 1338, John Hopkins Hosp Bull, 1909, xa, 184, Am Jour IMed Sc, 
1909, cxxxvii, 725, Death in Acute Intestinal Obstruction and Kindled Con- 
ditions Is Due to Physiologic Distui banco, Jour Am Mod Assn, 1910, Iiv, 6 

3 Whipple, Stone and Beinheim Jour Exper Med , 1913, xvii. No 3, p 286 
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and the 'wide dilatation of the splanclmic blood-vessels, all point to a loss 
of actiYit}' on the part of the mednbary nerve-centers The early writers 
saw in these the results of a reflex disturbance from stimuli actmg on 
the nerve endmgs in the intestinal wall It is undoubtedly true, however, 
that exactly this tram of events mai aiise from a toxemia or a bac- 
teriemia without the mtervention of any afferent nerve impulses 

Eecently, Braun and Boruttau^ have modified this theory somewhat, 
and assign the above-described symptoms to a disturbance of the circu- 
lation resultmg from mterference, chiefly mechanical, with the mherent 
nerve plexuses in the intestmal wall They see a parallel between a 
giadual bleeding to death and the death in mtestinal obstruction The 
loss of body fluids resultmg from failure of absorption, the enormous 
outflow of fluid mto the mtestme, the persistent vomitmg, and the 
stagnation of blood m the splanchnic area lead to an anemia of the 
biain-centers which progresses till these centers cease their activily, 
and death results They experimented most exhaustively on rabbits to 
support this view, but the evidence is all indirect, and seems to us 
not to amount to a proof of the theory We are unable to find m the 
literature any convmcmg experimental work that the nervous system 
is primarilj at fault Certamlj, as death approaches, there is a profound 
disturbance of the nervous control of the heart, blood-vessels and respi- 
ration, but this, we believe, is m no sense a reflex disturbance, nor the 
result of an anemia, pei se, of the nerve-centers It differs in no way 
fiom the last stages of any severe sickness which is progressing toward 
a fatal issue The loss of body fluids is a matter of the utmost impor- 
tance, but not because of its effect in producmg a brain anemia 

THE THEORY OF BACTERIA!, INFECTION 

The infection theory has much more to support it The mtes- 
tinal lumen is the normal habitat of innumerable micro-organisms which 
are potentially pathogenic When an obstruction exists, these no longer 
have their normal outlet per anum They are dammed up m the intes- 
tine under favorable conditions for their growth (McClure®) The 
damage to the mtestmal mucosa ma}^ allow their passage outward, either 
mto the blood-stream, lymphatics, or directly into the peritoneal cavity 
Proof of this possibihty is seen clmically m the presence of a peritonitis 
as a complication of mtestmal obstruction without perforation, also in 
the frequent findmg of colon bacillus m the blood as a pathogenic 
micro-orgamsm, under very varied conditions of mtestmal disturbances 
less severe than an obstruction, and m the bacteriemia from the Bacillus 
typhosus when the mtestme is ulcerated by the action of that organism 

4 Braun and Boruttau Deutsch Ztschr f Chir, 190S, icii, 544 

5 McClure, E D An Experimental Study of Internal Obstruction, Jour 
Am Med Assn , 1907, xlix, 1003 
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Von Khantz/ experimenting on rabbits in a low intestinal obsti no- 
tion, often found a bacterial invasion of the blood and the peiitoneum, 
bnt never the former without the latter Borszeslcy and von Genersich/ 
on the other band, found a blood infection vith no iniasion of the 
peritoneum There can be no doubt that a bacterial invasion of both 
the peritoneum and the blood may take place in intestinal obstruction, 
but it IS not an essential accompaniment It occuis late as a compli- 
cation, often a teiminal one Both clinically and experimentally it will 
result most often when the obstruction is complicated by a strangulation 
Without this complication, intestinal ob=ti notion Mill kill vitli no passage 
of bacteria beyond the intestinal wall. 

Tables 1 and 2 give the lesults of our experiments beaiing on this 
point In the first senes the obsiiiiction was produced by dinding the 
mtestme from 10 to 30 cm below the p 3 loTus, and closing the ends by 
inversion It will be noted that in all these cases some micro-oiganisms 
were found in the organs examined This, we belieic, vas due to the 
fact that all the examinations were made several liouis post mortem, 
because all the animals died during the night, and possibly to a local 
soiling at the site of opeiation In the second senes, however, the 
obstruction was produced by the clamp described below, and the animals 
were either killed when it was believed they wcie too sick to Ine over 
night, and immediately examined, or examined very soon after death 
occuried from the obstruction itself This series of seien cases furnishes 
irrefutable proof that death lesults from on obstruction of the upper 
mtestme m the dog, without any imasion of the peritoneum, blood, 
liver or spleen by bacteria, uhich are demonstiablc by the methods 
employed The methods in the two senes were exactl} similar and their 
efficiency m detecting oigauisms is amply demonstrated in the first 
The cultures were taken at autopsy on slant agar or Loeffiei blood- 
serum, 01 both Usually foui tubes sometimes only thiee of each, were 
inoculated from each tissue, and grown under both aerobic and anaeiobic 
conditions at meubator teraperatuic For the anaeiobes the Buchner 
method or the Cornell modification of it was used The tubes were 
examined at the end of one, two and three days All the cultures were 
made in the sterile loom of the Cornell bacteiiology laboratory This 
consists of a closed cabmet, ventilated through a bacteiia-pioof filter, 
in the roof of which is suspended an ordinary revolving lawn-sprinklei 
The water is tuined thiough this foi fifteen oi twenty minutes 
prior to takmg the cultuies Thus the an is mechanically sterilized by 
1 ashing out the micro-organisms All the needed apparatus for taking 
The cultures and smears is assembled before beginning the inoculations, 


G Von Khantz Arch f klin Clm , 1909, xxxvm, 412 
7 Borszeslcy and von Genersich Beitr z khn Chir , 1002, xxxvi, 448 
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aad the air-tight door is kept closed until all cultures are completed 
The technic m making the inoculations is that usually employed in 
obtaining cultures from post-mortem material The efficiency of the 
loom and the method is demonstrated by the fact that only three an 
contaminations were found in several hundred tubes 

In some of the later cases of the second series no cultures were taken 
from the spleen, since it was noted that this organ never showed infection 
when the liver and peritoneum were without infection Often, too, 
the spleen cultures gave no growth when the other organs were actively 
infected A summary of this series shows that the femoral blood was 
cultured seven tunes, and always was without growth, the liver was 
cultured sis times, and showed one colony of Gram-positive cocci, in 
one tube of one case, probably an an contamination, the results from 
the peritoneal cultures were exactly the same as from the liver, the 
spleen was cultured only twice, with negative findings both times, the 
3e3unal or duodenal contents above the clamp were cultured seven 
times, and all tubes showed an abundant growth of various micro- 
organisms 


J VBIiC 1 —CULTURES PROM ORGANS OP ANIMALS WITH INTESTINAL OBSTRUCTIONS, SERIES 1 


o 

V 

eS 

O 


12 


n 


Organs 


Cultures 
Tal en 


Tubes 

Sbounng 

Cocci 


Tubes 

Showing 

Bacilli 


Characteristics 


Remailis 


Spleen 

2 aerobic 

3 anaerobic 

None 

1 aerobic 

2 anaerobic 

Liver 

2 aerobic 

4 anaerobic 

All 

All 

Jejunum 

2 aerobic 

4 anaerobic 

All 

All 

Pemoral blood 

4 each 

None 

None 

Peritoneum 

4 each 

All 

None 

Spleen 

4 aerobic 

3 anaerobic 

1 aerobic 

None 

Liver 

Jejunum 

1 

4 each 

4 each 

None 

All 

None 

All 


Morphology and growth 
character istic of co 
Ion bacillus on usual 
differential mediums 

(1) Gram + coccus 

(2) Bacillus identi 
aed as colon on dif 
ferential mediums 

(3) Also very many 
colonies of a large 
Gram + anaerobic 
bacillus with mor 
phology of Bacillus 
uerogenes capsulatus 

(1) Gram -f coccus 
(2) Large anaerobic 
Gram -p bacillus (3) 
Gram — bacillus of 
two kinds, first long 
and slender , second, 
short and plump 
Both grew in anaero 
bic tubes, while the 
former only grew in 
aerobic tubes 


(1) Gram + and (2)] 
Gram — coccus 
Gram -f- coccus Same 
organism as in perl 
toneum 

Same as in Case 12 


Intestine sectioned and 
closed 34 cm distal 
to pylorus Lived SO 
hours Cultures taken 
10 hours post mortem 


Intestine sectioned 36 
cm from pylorus and 
ends closed Autopsv 
about 13 hours post 
moitem 


Cultures taken from 
jejunum when it was 
sectioned at operation 
gave the same results 
as at autopsv 
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TABLE 1 — CoMiNUFD 


Organs 

Cultures 
, Taken 

Tubes 

Showing 

Cocci 

Tubes 

Showing 

Bacilli 

Characteristics 

Jejunum at 
operation 

2 aerobic 

2 anaerobic 

All 

All 

(1) Gram — bacillus 

(2) Giam + coccus 

(3) Large Gram + 
bacillus 

Jejunum at 
autopsy 

4 each. 

All 

All 

(1) Anaerobic gas form 
Ing Gram — bacillus 

(2) Gram + bacillus 

(3) Gram + coccus 

Femoral blood 

4 each 

2 aerobic 

All 

(1) Gram + coccus 
ferments lactose and 
glucose, without gas 
no change In neutral 
red and salfranln (2) 
Large anaerobic Gram 
-}- Inclllus with inor 
phologv of aerogencs 
capsul itus ImcIIIus 

Peritoneum 

2 each 

All 

All 

(1) Gram coccus 

same as In femoral 
blood (2) Gram — 
bacillus like colon ba 
clllus 

Spleen 

4 each 

2 aerobic 

2 anaerobic 

(1) Giam — coccus 
(2) Giam — bacillus 
hn\Ing (he character 
Istlcs of colon bnci! 
lus 

Liver 

2 anaerobic 

4 aerobic 

2 anaerobic 
i aerobic 

None 

(1) Gram coccus ns 

In pel Honemn and 
fcmoril blood 

Jejunum at 
operation 

4 CTCb 

4 anaerobic 

4 anaerobic 
2 aerobic 

Gram — baelllus, mo 
bile same ns In perl 
foneum 

Jejunum at 
autopsv 
Peritoneum 

4 each 

1 anaerobic 

Ml 


1 each 

4 anaerobic 

All 

(1) Gram — bacillus 
hn\lng characterlsth s 
of colon bacillus (2) 
Gram — bacillus In 
termodlate In colon 
group, changes neu 
tral u'd and saffranln 
does not ferment lac 
tosc ( }) Gram -\- 

COCCUR 

Femoral blood 

4 each 

None 

None 

Spleen 

4 each 

None 

None 


Liver 

Jejunum at 
operation 

4 each 

4 each 

None 

None 

All 

Not Identified 

Jejunum at 
autopsy 

4 each 

All 

All 

(1) Short Gram — bn 
clllus (2) Gram + 
coccus resembling 
streptococcus { 1) 

Large Gram -J- bacil 

Femoral blood 

4 each 

None 

None 

lus 

Spleen 

4 each 

None 

None 


Liver 

4 each 

All 

All 

Gram ■ — short, stout 
bacillus mobile (2 
Btialns), resembling 
colon bacillus (2) 
Gram bacillus (3) 

Gram -i- coccus 

Peritoneum 

4 each 

All 

All 

(1) Gram + coccus 
(2) Giam -f bacillus 
( 1) Giam — bacillus 
shoit and stout, mo 
bile Same ns In Ihoi 


Remarks 


section 31 cm from 


pylorus Autopsy 3G 
hours post mortem 


tape 35 cm from py- 
lorus Autopsr 4 lirs 
post mortem General 
peritonitis present 


Bon el sectlonea anti In 
^p^to(l 18 cm from 
p\Ioius LUcd about 
hours Autopsy 12 
hoiiis post mortem 
No peritonitis 
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TABLE 1 — Co^TI^TJED 



17 Jejunum at 
autopsy 


Femoral blood 
Spleen 


Liver 

Peritoneum 


Cultures 

Taken Cocci 


^one taken None taken 


Tubes 

Showing 

Bacilli 


Characteristics 


4 each 
4 each 


4 each 
4 each 


IS Jejunum 


Femoral hlood 
Peritoneum 


None 

1 anaerobic 


None 

4 anaerobic 
3 aerobic 


None Gram + coccus One 
colony outside line of 
inoculation Probable 
an contamination 

None 

4 anaerobic (1) Gram — bacillus, 
3 aeiobie having characteiistlcs 
of coll communis (2) 
Gram + coccus (3) 
Gram+ bacillus short 
and fat and grrowlng 
in long chains 


None taken 


4 each 
4 each 


(1) Gram — bacillus 
(2) Gram + bacillus 


Remarks 


Jejunum clamped 37 cm 
from pvlorus with 
Cnle clamp, which at 
autopsy was found to 
have cut through Au 
topsy 8 hours post 
mortem, lived about 
SS hrs General perl 
tonitis present 


Jejunum clamped with 
Crile clamp 20 cm 
from pylorus Killed 
with chloroform 91 
hrs after operation 
Clamp cut through, 
local peritonitis re- 
sulting 



TABLE 2— CULTURES FROM ORGANS OF ANIMALS WITH INTESTINAL OBSTRUCTIONS, SERIES 2 


Remarks 


special clamp 18 cm 
from pylorus Lived 
172 hrs after opera- 
tion Killed with 
chloroform Autopsy 
Immediately No pen 
tonltis , local abscess 
aiound clamp 


Jejunum 


Femoral blood 


Spleen 


I Peritoneum 

I Abscess around 
clamp 

Jejunum 

Femoral blood 


Peritoneum 

Einidate around 
clamp 

Jejunum 


Spleen 

Liver 

Peritoneum 


Cultures 

Taken 

Tubes 

Showing 

Cocci 

Tubes 

Showing 

Bacilli 

Characteristics 

3 aerobic 

3 anaerobic 

3 anaerobic 

(1) Gram — bacillus 

3 anaerobic 


3 aerobic 

(2) Gram -1- bacillus 

4 aerobic 

None 

None 


3 anaerobic 




4 aerobic 

None 

None 


4 anaerobic 




4 aerobic 

None 

None 


3 anaerobic 




3 anaerobic 

None 

None 


4 aerobic 




2 aerobic 


1 anaerobic 

Gram — bacillus 

2 anaerobic 


2 aerobic 


None taken 




4 aerobic 

None 

None 


4 anaerobic 




4 anaerobic 

None 

None 


4 aerobic 




4 aerobic 

None 

None 


4 anaerobic 




3 aerobic 

None 

None 


3 anaerobic 




4 aerobic 

4 anaerobic 

4 anaerobic 

(1) Giam -1- coccus 




(2) Gram -f bacillus 




(3) Gram — bacillus 

4 anaeioblc 

4 aerobic 

4 aerobic 


4 aerobic 

None 

None 


4 anaerobic 




4 aerobic 

None 

None 


4 anaerobic 




4 aerobic 

None 

None 


4 anaerobic 




3 aerobic 

1 aerobic 


Gram -f- coccus One 

4 anaerobic 



colony only, probablv 




air contamination 


Occlusion clamp 16 cm 
from pvlorus Lived 
90 hrs Died Autopsy 
No peritonitis 


num 16 cm from py- 
lorus Dog lived 58 
hrs Autopsy 8 hrs 
post mortem Pen 
toneum clean 
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TABLE 2 — COKTINTJED 


Case 

Organs 

Cultures 

Taken 

Tubes 

Showing 

Cocci 

Tubes 
SboM ing 
Bacilli 

Chnracteiistlcs 

Remarks 

■>0 

Jejunum 

3 aei oblc 

2 aerobic 


Gram -j- cocci 

Occlusion clamp 12 cm 


3 anaerobic 

1 anaeioblc 



from pylorus Llied 
21 days Killed witb 


Femoral blood 

4 net oblc 

None 

None 


ethei Clamp not ab 



4 amcrobic 




soluteh tight. No perl 


Liver 

1 aerobic 

None 

None 


tonltls 



3 anaerobic 






Peritoneum 

4 aerobic 

None 

None 

1 




4 anaerobic 





23 

Jejunum 

None taken 



1 

Occlusion clamp 12 cm 


Liver 

None taken 




from pylorus Lived 







210 lirs Killed with 


Femoral blood 

3 aerobic 

None 

None 


cianld and nutopsled 



4 ameioblc 




Immcdlatelj No perl- 



4 aerobic 

None 

None 


tonltls Clamp tight 


Peiltoncum 

4 anaerobic 





24 

Jejunum 

2 aerobic 

None 

2 aerobic 

Giam and — bacilli 

Occlusion clamp IG cm 



2 anaerobic 


2 anaerobic 


from piIoruB Lived 







205 hrs Autopslcd 2 


Femoral blood 

3 aeiobic 

None 

None 


lirs post mortem No 



4 anaerobic 




peritonitis Small nb- 


Uvei 

4 aerobic 

None 

None 


scess around clamp 



4 anaerobic 


1 


Mas tight 


Peritoneum 

4 aeiobic ! 

None 

None i 





4 anaerobic 






Clamp 

2 aerobic 

2 anaerobic 

None ' 

Pure grontb of Gram 

Occlusion clunp IG cm 


abscess 

2 anaerobic 

2 aerobic 


-f- coccus i 

from pilorus Lived 




1 



24 ti bis Killed with 






1 

ether \utopsv Imme 







dlatc No peritonitis 

2G 

Jejunum 

4 aerobic 


} aerobic 

(1) Small Gram — ba 



1 

4 anaerobic 1 

None 

4 anaerobic 

clllus (2) Lirce, long 







Gram -f bacillus 



Femoral blood 

4 aerobic 

None 

None 





4 anaerobic 






Liv cr 

5 aerobic 

1 aerobic 

None 

One colon! outside In 




4 anaerobic ' 



oculatlon of a Gram 







+ coccus 



Peiltoncum 

4 aerobic 

None 

None 





4 anaerobic 





2S 

Jejunum 

2 aerobic 


2 aerobic 

Gram + and — bacilli 

Orcluslon clamp 11 cm 



2 anaerobic 

2 anaerobic 

2 anaerobic 

and cocci Vnneroblc 

from pi loins Lived 






tubes show gas pro 

50 hrs Autopsv 10 






duct Ion 

hrs post mortem Ab- 


Femoral blood 

4 aerobic 

None 1 

None 


scess around clamp 



4 anaerobic 




No peritonitis Clamp 


Liver 

4 aerobic 

None 

None 


tight 



1 anaerobic 


1 




Peritoneum 

4 aerobic 

None 

None 





4 anaerobic 






Clamp 

2 aerobic 

None 

None 




abscess 

1 

2 anaerobic 






Case 33, given m Table 3, is not included in the summaiy because 
the obstruction was not complete It is worthy of note here, howevei, 
that the jejunal tube only showed a growth of a Gram-positive coccus 
in one-half the tubes inoculated, showing that the long period (twenty- 
one days) with only sterile watei by mouth did much toward sterilizing 
+he upper bowel 

It 18 thus demonstrated that no matter what the role of the micio- 
oiganisms may be within the bowel, or no matter how active they may 
sometimes become in causing complications by penetration of the bowel 
into the general system, this is not a necessary factor either in causing 
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the smptoms of the disease oi in determining the fatal outcome The 
theory, therefore, which holds a hacteriemia as the responsible factor in 
the death followmg intestinal obstruction is untenable 


THE INTOSICATIOH THEOEY 

This theory, on the contrarj^ has experimental evidence to support 
it, and no experiments hare proied the absence of a toxemia Clairmont 
and Eaiizi® demonstrated that the stagnated material above an obstruc- 
tion, after passage through a Reicliel or Pukal filter, ivas exceedingly 
toxic when injected into the blood of an animal Kukula® found a 
toxic mateiial in the alcoholic extracts of the intestinal contents in 
expel imental ileus Roger, and Roger and Garnier,^i went farther 
and proved that the noimal content of both the stomach and the 
intestine aie poisonous when thus injected They did not filter it, 
but death occurred too early to be the result of an infection The 
toxicity was only one-third as great when injected into the portal vein 
as when injected into a peripheial vein They also injected it into a 
mesenteric artery, against the cuirent, so that it was cairied backward 
and then redistributed through branches to a eonsideiable section of 
the intestine Heie it produced emboli and stopped the absorption, 
so that large doses were not fatal 

kluiphy and VincenP^- found that the material from the obstructed 
01 strangulated intestine was very poisonous when injected into the 
peiitoneal cavity, and that its poisonous properties were destroyed by 
boiling or passage through a Berkefeld filter They concluded, therefore, 
that living bacteria are the impoitant factors It does not seem to us 
that this conclusion is tenable Their experiments only prove that 
living bacteria, if they obtain entrance into the peiitoneum, will kill 

Wliipple, Stone and Bernheim® worked with a material obtained 
fioni the doubly occluded duodenum, and determined that it was very 
poisonous even after being rendeied sterile They also found what 
they believed to be the same poison in the mucosa of this pait of the 
intestine, when one end of it was closed and the other end allowed to 
dram externallj’’ They applied their results to a simple intestinal 
obstruction, and concluded that death in this condition is caused by a 
person arising from the duodenal mucosa Their views are opposed in 
important particulars to the results obtained by us, and will receive 
closer study latci In general it may be stated that the symptoms aris- 


8 Clairmont and Ranzi Arch f khn Chir , 1904, Ixxm, COG 
0 Kukula Arch f klm Clnr, 1901, Ixiii, 773 

10 Roger Re-v Scient, 1907, xlv, 05 Presse mCd, 1911, mv, 1 

11 Roger and Gamier Arch de nigd e^6r , July, 1906, Rev de mSd 
1906 Kx\ 1 609 , Presse m€d , 1906, xn , 325 

12 IMurpliv and Vincent Boston Med and Surg Jour , 1911, cKv, 684 
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mg fiom the injection of intestinal contents into the blood, as lepoited, 
Jiffei very maikedly from those appearing in the obstructed animal, 
and there are many objections, as pointed out by Guibe,^^ Braun and 
Boruttau,^ Korentchevsky,^^ and others, against accepting these experi- 
ments as diiectly bearing on the cause of death in intestinal obstruction 
The lessened absoiption fiom the obstiucted intestine is one objection 
oifered Clairmont and Banzi® found that potassium lodid placed in 
the bowel above the obstruction was excieted from the kidneys in greater 
quantities than normal, up to eight or ten hours after the obstruction 
uas pioduced, the excietion lapidly deci eased aftei that, and came to 
a stop m about fifteen hours 

Braun and Boruttau'* gave strychnin to their obstructed animals, 
and fiom the resulting symptoms they concluded that absoiption became 
markedly leduced fiom the start On this expeiiment they base their 
chief objection to the intoxication theory A moie nnpoitant objection 
to the use of the evidence of the injection cxpeiiments as a pi oof of the 
intoxication theory is that many substances injected dncctly into the 
circulation are poisonous, whereas, if they haie to pass thiough living 
cells to get into the blood, their poisonous properties arc entnely 
destroj^ed Peptone is such a substance, and is a good illustration in 
this connection The injection of peptone into the blood pioduces 
symptoms of poisoning uliich ma> end in deatli Tlie absoiption of 
peptone fiom the intestine is, on the contrary a normal physiologic 
piocess Theiefore, the nieie presence in the obstiucted intestinal tiact 
of substances which act as poisons when injected into the blood is no 
indication that these substances cause the death lesultiiig from an 
obstruction, since such substances may be noinially found in the intes- 
tine in conditions of continued health To accept the view that such a 
death results from a toxemia it must be conceiied either that new 
poisons are elaborated and absoibed or that an abnormal absoiption of 
the poisons normally takes place 

In undertaking our woik, aftei a study of the litcratuie, we 
tentatnely accepted the fust hypothesis and planned oui experiments 
to determine by a piocess of exclusion fiom what sources conception 
was forced on us, nameljq that ilie es^cnixol facloi m causuig ihe 
symptoms and death in intestinal ohstiuciion does not he in the poisons 
pei se, hut m the pioduction of lesions which favor then ahnoimal 
absoiption, and lacking these lesions the animals die only from dehy- 
dration, 01 starvation if dehydiation is pi evented We believe oui icadei 
will get a clearer understanding of our findings if he will follow, step 

13 Guibe Presse mCd , 1909, xvii, 233 

14 Korentchevsky Roussl<y Vratscli, 1908, p 1572 'Cited by Ginbe, 
Note 13) 
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by step, the reasoning and experiments which led to this change of 
conception m onr minds 

In searching for the source of the poison we accepted three possi- 
bilities (1) foodstuffs 01 substances deiived fiom them, (2) secietoiy 
substances from the alimentary tract and digestive glands, oi their 
denvatives, (3) true bacterial toxins It was our intention to exclude 
one after the other of these possible sources and study the conditions 
resulting after an obstruction was produced It is readily seen that 
there may entei into all of these the result of bacterial activity While, 
as detailed above, our bactenal studies showed that a bacteriemia is 
not neeesasrily present, they did not exclude either a bacterial toxin or 
substances developed by virtue of the presence of bacteria in the occluded 
bowel 

EXPERIMENTS TO DETERMINE THE EEEECT OE EOODSTUFES OR THEIR 
DERIVATIVES ABOVE THE POINT OP OBSTRUCTION 

All animals were fully etherized before the operation No food was 
given m any case after the operation, unless so stated Water, however, 
was given freely, unless otherwise noted 

Expebiment 3 — A cat which had received no food for ninety six hours 
before operation Duodenum sectioned and ends closed by inversion 10 cm 
below pylorus For three days the animal remained in good condition Vomited 
Fourth day showed weakness and some rigidity of muscles of extremities Just 
before deatli had convulsions involving extremities Killed with chloroform 
ninety six hours after obstruction Autopsy immediate No peritonitis Clos 
ure of bowel ends tight Stomach contained small amount of normal appearing 
gastric content Duodenum empty Neither stomach or duodenum was distended 

Expebiment 4 — Fox terrier Fed twenty hours before operation Repetition 
of Experiment 3, the section being 11 cm distal to the pylorus Except for some 
weakness and vomiting, seemed like normal dog for four days Died with pro 
gressive weakness and vomiting on the seventh day Autopsy No intestinal leak- 
age No peritonitis Stomach slightly distended Duodenum not distended 

Expebiment 5 — ^Bitch Weight 9 8 kg Fed last time forty-eight hours 
before operation Repetition of Experiment 3 Postoperative course the same 
Lived one hundred hours Autopsy No intestinal leakage No peritonitis 
No distention of stomach or duodenum 

Experiment 6 — ^Bitch Weight 10 85 kg Food withheld for seventy two 
hours Repetition of Experiment 3, section being 12 cm below pylorus Post- 
operatiie course the same Temperature varied from 36 6 to 39 C Lived for 
hft} file hours Autopsy Same findings as those given above 

Experiment 7 — ^Dog Weight 19 7 kg Fed last time forty eight hours 
before operation Same operation 16 cm below pylorus Some peritoneal soil- 
ing vith intestinal contents Postoperative course same as others, except more 
acute Temperature as high as 39 9 C Lived only thirty six hours Autopsy 
yielded same findings as others 

Experimfxi 8 — Dog Medium weight Fed six hours before operation 
Same operation 12 cm below pvlorus Postoperatne course the same Tem- 
perature 39 C Lived one hundred and eighteen hours Autopsy Same findings 
and in addition there were noted three superficial areas in the duodenum which 
resembled ulcers 
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Experiment 9 — ^Leakage of intestinal contents at closed end of proximal gut 
Experiment 10 — Same 

Experiment 11 — Dog Weight 6 3 kg Fed tiventy-six hours before opei- 
ation Same operation 33 cm below pylorus Lived only ten to fourteen hours 
Autopsy No leakage No peritonitis Stomach was not distended Mucosa 
showed small punctuate hemorrhages Intestine proximal to section and for 
80 cm distal to it was much congested and showed hemorrhagic areas in it 
We are unable to explain these last post mortem findings as being the result of 
the operation Our belief, however, is that the early death resulted because 
of them 

Experiment 12 — ^Bitch Weight 9 2 kg Fed twenty-six hours before opei- 
ation Same opeiation 36 cm below pylorus Postoperative course ns above 
Lived eighty-tivo hours Autopsy Same findings as in other cases 

Experiment 13 — ^Dog Weight 8 2 kg Fed tw’cntj' six hours before oper- 
ation Boivel sectioned 36 cm below pylorus and ends inverted Symptoms 
same as others Temperature 35 5 C Pulse 180 after twenty-four hours 
Lived thirtj -eight hours Autopsj’ No peritonitis Ends of bowel tight At 
distal closure an intussusception 14 cm long had taken place and the intes- 
tinal wall was much damaged This, we belieie, contributed to an early death 
Experiment 14 — ^Young dog Weight 6 75 kg Fed seven hours before 
operation Bowel sectioned and ends inverted 31 cm bclo\\ pylorus Ne^er 
fully recovered from operation and died in twelve hours Autopsy No peri- 
tonitis Closed ends tight 

Experiment 15 — ^Dog Weight 10 5 kg Fed fortj’-eight hours before oper- 
ation Bowel sectioned and ends closed 48 cm below pylorus Postoperative 
symptoms same as in other dogs Li\cd thirty -two hours Autopsy No pen- 
tonitis Closed ends tight 10 cm intussusception of distal end in gut, with 
much damage of gut wall Proximal intestinal mucosa shoued much conges- 
tion and many punctate hemorrhages 

These animals "weie opeiatocl on in a practically identical manner at 
tarying periods after eating, and none was fed anything after operation 
The one which lived the longest, one hundred and sixtj' hours, was fed 
twenty hours before opeiation, and the one that died in ten hours was 
fed the last time twenty-seien hours before opeiation One dog which 
ate a full meal onl} six houis befoie opeiation lived one hundred and 
sixteen hours, while one that had fasted for seventy-two houis lived 
fifty-five hours after operation The dogs liad all the water they wmuld 
take, both before and after the operation 

There is seen to be a complete lack of correspondence between the 
state of digestion at the time the obstruction is produced on the one 
hand, and the seventy of the symptoms and length of life afterwaid 
The same thing was noted in all subsequent expeiiments. It seems, 
therefore, reasonably certain that alterations of food residues m the 
tiact above the obstruction has little to do with causing death 

The condition of the dogs after operation can be veiy biiefly sum- 
marized Thei^ showed a lemarkable absence of active symptoms Hecoi- 
eiy fiom operation was usually piompt and complete, and on the next day 
they seemed well, hut less lively than before There was a slight rise 
m temperature Watei was drunk freely, and promptly vomited, washing 
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out bile and mucus Emaciation was marked After a varying time the 
animal began to grow weak, but there was a lack of many of the symp- 
toms ve are accustomed to see in the human subject Death seemed 
to result fiom general weakness and prostration There was no abdom- 
inal distention, and no sign that cramps or colic weie present 

An autopsy was done in every case, and in none was there any gross 
alteration in the organs that accounted for death The peritoneum was 
not inflamed The stomach and the intestine above the section were 
sometimes but not always maikedly distended They usually contained 
only a very small amount of bile and mucus The mucosa showed a 
severe congestion In one or two cases there was a superficial ulceration 
in the intestinal mucosa We were struck with the fact that the most 
seiere changes of this character were present in the dogs living the 
shortest time AYe failed, however, to give this observation its full value 
at that time The gall-bladder was not distended The kidneys and 
liver showed congestion, and the former evidence of degeneration 

From these cases it vas determined that animals with a high obstiuc- 
tion might live from five to seven days, that the length of life was 
not dependent on the presence of food residue in the tract above the 
obstruction, and that autopsy gave no gross evidence of the cause of 
death A complete microscopic study of these cases was not made 
AVhere sections were examined, however, the same lesions were found 
in the intestinal mucosa, the kidney and the liver, as those to be described 
111 the second group of cases 

We next turned our attention to the production of an obstruction 
which should not be complicated by any operative damage to the intes- 
tinal wall This was considered advisable because there seemed to be a 
direct relation between the severity of this damage on the one hand, 
and the seventy of the symptoms and the early death of the dogs on 
the other 

A special clamp was devised which proved to be efficient in causing 
a complete obstruction, without opening the intestine or damaging the 
blood-supply The clamp consisted of tivo rubber-covered aluminum 
plates, about 1 cm in width and 4 cm long Over each end a second 
co^erlng of rubber tubing was placed One plate was then passed through 
a slit in the iruesenterj^, with the bowel passing over it The second 
plate was placed across the bowel at this point, and the two plates bound 
together near their ends The interval left between them because of the 
lubber coverings over the ends allowed sufficient room for the intestine, 
tightlj' compressed, but not strangulated, to pass through By bending 
the plates in or out the degree of obstruction was accurately regulated 
Y e found by experience that the proper degree was obtained when the 
thin handle of a scalpel could just be passed within the bite of the 
plates, but not through it 
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EXPEimiENTS WITH CLAMP OBSTRUCTION 

Experiment 10 — ^Male Weight 13 6 kg He Imd heon in lahoiatoiy se^cnty- 
ti\o hours -without feeding, and had been given only steiilc water to drink 
This was done with the idea of getting the stomach and upper intestine as nearly 
free from bacteria as possible Cushing and Livingood’® have shown that the 
number present can be reduced veiy markedly in this w'ay The clamp was 
placed 18 cm below the pjlorus The dog remained in excellent condition for 
hv e days followung the operation The temperature ranged fi oni 37 6 to 38 5 C 
and the pulse fiom 132 to 150 He drank freely of sterile water, which he 
vomited soon aftcrwaid, washing out bile and mucus with it He passed small 
^ quantities of urine, vihicli contained traces of bile and albumin During this 
period he lost 1 8 kg He showed no active svmptoms of the disease and was 
in no apparent pain The abdomen was not tender to palpation, nor was it 
distended At operation the circunifcrencc of the abdomen was 47 cm and on 
the fifth dav’ onlv 43 cm After the fifth day he began to show maiked weak- 
ness and a more lapid loss of weight The pulse and temperature lemained 
about the same, and no new active sv'mptoms developed On the scventli day 
he was niaikedlj we.ak and walked with difilcult^ Emaciation was marked, 
there having been a loss equal to 10 per cent of his bodv weight He was 
killed with chloioform one hundred and seventj two hours aftci the operation 
and the aulopsv, with bacterial exaninintion, immediatclv done 

The obstiuction was tested under water-pressure and was found complete, 
no water passing through the clamped point Coils of intestine and omentum 
were matted around the clamp When these were separated a small local abscess 
of green odorless pus was opend The peritoneal coat of the intcstuvc, at this 
point, was eroded bv pressure, but no serious damage was done to the icst of 
the wall The general peritoneal cavitv was entirely ficc fioni evidence of 
inflammation The liver and kidncvs showed a marked congestion llicrc was 
a marked dilatation of the stomach and vipper intestinal segment, and both con- 
tained water with bile and mucus Their mucosae were markcdlv congested 
Mici oscoptcal Examxmiiou — ^'Jlic intestine proximal to the clamp shows 
intense congestion and considerable exiulativc innnmmation of tlie subsoioiis tis- 
sue The subiiiucosa shows hemorrhagic and Icukocvtic inliltration 'I here is 
an acute hjperplasia of the Ivniph follicles Distal to the clamp the intestine 
is normal The kidnevs show intense capillary congestion, especially of the 
glomeruli The epithelium is not well preserved 
The spleen shows congestion 
The pancreas is normal 
The liver sections were unsatisfactory 

The cultures from the abscess around the clamp showed a pure culture of a 
Gram negative bacillus, having the chaiaclcristics of colon bacillus Cultures 
taken from the inside of the intestine, just abov'e the clamp, showed the same 
bacterial growth, and in addition, a Gram positive coccus Oiu elToit to steiil- 
i/e the upper bowel was not successful, and the local abscess probably resulted 
from the passage of organisms outwaid through the intestinal wall, where the 
peritoneal coat was damaged bj the clamp picssurc Other oigans were sterile 
(see table) 

Extebuient 20 — Dog Weight 9 5 kg No food for one Inindi ed hours 
Sterile water duiing this time Repetition of Expei invent 10 Postopeiative 
BjTnptoms the same Lived ninety hours Autopsy (five hours post moitcm, 
during which time the body was on ice) showed no peritonitis Obstruction 
complete Stomach a little dilated Bowel above clamp twice the normal size. 
In the intestine, distal to the clamp, were seen many hemorrhagic points 

15 Cushing and Livmgood Johns Hopkins Hosp Rep , 1900, ix, 543 
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Microscopic ExofnincitiOTi — ^Intestine provimal to clainp shows libiinous peri- 
tonitis, marked congestion of all coats, and evfoliation of lining mucosal cells 
Stomach normal 

Ll^er Congestion Moderate granular and fatty degeneration 

Kidney Moderate congestion Tubules show granular coagulum Cells 
swollen and show marked granular degeneration Some cells show partial 
necrosis 

Cultures from femoral blood, peritoneum and liver show neither aerobic nor 
anaerobic growth 

Evpekiment 21 — ^Puppy Weight 8 kg Fed four hours before operation 
Clamp applied 16 cm below pylorus The stomach contained food and the 
lymphatics and vessels were distended from full digestion The postoperative 
course was the same as in the others Pulse, 190 Temperature, 39 C He died 
fifty eight hours after operation Autopsy, eight hours post mortem, the body 
being on ice No peritonitis Moderate distention stomach and duodenum Few 
drops of purulent-looking fluid around clamp, buried in adhesions The obstruc 
tion was complete The gastric and intestinal mucosa, pro'vimal to the clamp, 
showed very little change Distal to the clamp there were areas which resembled 
submucous hemorrhages in the intestinal wall The other abdominal organs 
appeared normal 

Miooscoptc Examination — ^Proximal intestine not examined Distal intesti 
nal mucosa shows hyperplasia of lymph follwjle, but no hemorrhages 
Liver Marked congestion 

Kidney Congested Tubule cells swollen, and in places intensely degenerated 
Apparent necrosis present in some foci of the tubules 
Spleen and pancreas much congested 

Bacteriology — Cultures from femoral blood, peritoneum and liver all sterile, 
both aerobic and anaerobic, with exception of one colony on one peritoneal aerobic 
slant agar tube This showed pure growth of a Gram-positive coccus and prob 
ably was an air contamination, one of the three found in the whole series 

Expebiment 22 — ^Bitch Weight 10 25 kg Fed eighteen hours before opera 
tion Clamp applied 12 cm below pylorus This animal was killed on the 
twenty-farst day, up to which time she had showed no symptoms of suffering or 
of disease, except for loss of weight to 7 4 kg During this time she had 
eaten nothing She drank water freely, however, for the first three days After 
this she receiv ed 150 to 250 c c of normal saline solution subcutaneously, and 
then she refused water to drink She only occasionally vomited The tempera- 
ture ranged between 37 and 38 C The pulse for the first four days was about 
130 It then became slower and during the last two weeks was between 70 and 
100 Urine was passed freely and contained bile and albumin in small quantities 
Several blood cell counts were made during the later days of the experiment and 
the red cells numbered 5,240,000 and 7,000,000, nearly all counts being slightly 
over 5,000,000 Killed with ether on the twenty-first day while still in good 
health Autopsy No peritonitis Clamp allowed minimal drainage into intes 
tine below (compare Experiment 27) Stomach and duodenum were somewhat 
dilated and the intestine distal to clamp was contracted, showing very little flow 
into it It contained bile, however, and under pressure water was forced through 
the clamp into the bowel below The mucosa of intestine and stomach appeared 
normal The kidneys and liver showed congestion 

Microscopic Examination — Stomach and intestine not examined 
lUdnej s Tubules filled w ith granular coagulum Cells show swelling and 
granular degeneration 

Liver Intensely eongested 
Spleen Congested 
Pancreas Normal 

Pact cnolopi/ -—Neither aerobic nor anaerobic growth on tubes fiom femoral 
blood, liver or spleen 
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ExpEEniEiTT 23 — ^Dog. Weight 11 kg Clamp applied 20 cm below pylorus 
He -was killed on the tenth day His symptoms were the same as in cases above 
He received saline subcutaneously with apparent benefit Pulse, 132 to 150 
Temperature 37 9 to 39 2 C Weight at death 8 5 kg Urine contained albumin 
and bile An extensive noma developed on face which accounted for high tempera- 
ture Autopsy immediately after death by cyanid Obstruction complete Stom- 
ach and proximal intestine much dilated They contained about 300 c c of bile, 
mucus and water Distal intestine collapsed The specimen uas preserved 
intact so the mucosa was not seen No peritonitis Liver and kidnejs much 
congested The latter showed acute degeneration, the markings being indistinct 
and the papillae pale 

Microscopic ExamxnaUon — ^Ividncys showed granular degeneration, in places 
very marked 

Liver Intensely congested Considerable fatty and granular degeneiation 

Spleen and pancreas show congestion 

Bacteriology — Aerobic and anaerobic cultures from femoral blood and liier 
were all without growth 

Expebiiiext 24 — Small bitch Weight C kg Fed seventy-two hours before 
operation Clamp applied IG cm below pvloriis Lived 205 hours — a little less 
than nine days — ^with svTnptoms as in other cases Pulse, 120 to 180 Tempera- 
ture average, 39 C Received saline injections throughout Red blood-cells 
increased from 5,000,000 before operation to 0,720,000 on eighth day, showing 
some loss of water Weight 4 9 kg Died during night Autopsy at 10 in morning 
Obstruction complete as tested by absence of bile in distal intestine, although 
under pressure water could be forced bevond the clamp No peritonitis Around 
the clamp in a mass of omentum there was a collection of dirtv jcllowish fluid 
The intestinal wall showed some damage within the bite of the clamp (sec 
microscopic examination) The stomach and proximal intestine were moderately 
dilated, and contained a small amount of bile and mucus The mucous membrane 
of the whole tract appeared normal to gross examination, ns did the kidnevs 
and liver 

Microscopic cxanunaiion — The intestine w ithin the clamp show ed an ad\ nneed 
purulent peritonitis, destroying longitudinal muscular coat Congestion of 
mucosa Exfoliation of epithelium 

ICidney Congested Tubules filled with granular coagulum Cells swollen 
and show marked granular degeneration, in places approaching necrosis 

Liver Section lost 

Pancreas Jfarked congestion 

Bacteriology — Aerobic and anaerobic cultures from femoral blood, perito- 
neum and liver showed no growth A Grani-positive coccus was obtained in pure 
culture from the abscess around the clamp m all tubes both aerobic and anaerobic 
This was undoubtedly an infection pas^^ing through the intestinal wall where the 
clamp damaged it, since the same organism was isolated fiom the intestine 

Experijient 25 — Dog Weight C kg Fed twenty seven hours before opera- 
tion Clamp applied 10 cm below tbe pvlorus He took ether badly and made a 
poor recovery He was not given the hj podcrmoclj sis of normal saline solution 
Condition seemed good the next day Died that night Autopsy not done till 
day following, about thirty hours post mortem Obstruction complete under 
water-pressure No peritonitis Stomach and proximal intestine somewhat dis- 
tended Distal gut collapsed Mucosa of stomach and proximal gut maikedly 
congested Liver, spleen, pancreas and kidneys show congestion 

Microscopic Examination — Stomach congested Proximal intestinal mucosa 
shows intense congestion hlarked round-cell infiltration of tips of villi and 
exfoliation of cells 

Liver Intense congestion Considerable fatty and granular degeneration 

Kidney Not examined 

No baetenological examinations made because of delayed aiitopsv 
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Experiment 26 —Bitch Weiglit 7 2 kg Exact duplicate in every way of 
Experiment 25, except that she recened the saline injections daily, the first one 
of 150 c c being given at the close of the operation She lived ten days, and 
shoved the same symptoms as did other dogs described Killed with ether and 
autopsied immediately Obstruction complete against a column of water 90 cm 
high No peritonitis The stomach and pioximal intestine were dilated to 
about three times noimal The mucosa of stomach and proximal intestine were 
congested The liver, kidneys and spleen weie congested 

Microscopic Examination — Proximal intestinal mucosa shows intense conges- 
tion and exfoliation of living cells 

Kidney Shows congestion Tubules contain coagulum and occasional blood- 
cells and show granular degeneration, in places very maiked 

Lixer shovs intense congestion, atrophy of liver cords about distended capil- 
laries and moderate granulai degeneration 

Spleen shows much hypertiophy of the follicles 

Pancreas normal 

Cultures fiom femoral blood, spleen, liver and peritoneum were taken These 
were all vithout grovth after fonr days, under both aerobic and anaerobic condi- 
tions, except one aerobic tube (four were taken) from the liver This showed 
one colony of Gram positix e cocci growing well to one side of the stroke of the 
loop 

Expebijient 27 — Bitch Weight 11 5 kg Fed twenty eight hours before 
operation Clamp applied about 15 cm below the pyloius Lived twenty-foui 
days vith only moderate development of symptoms during first veek Then 
behaxed like a normal dog Eeoperated on July 20 The clamp was not suffi- 
ciently tight to make a complete obstruction (compare with Experiment 22) It 
vas tightened and the next day it had cut its way through the intestinal wall 
and the dog died of a peiitonitis 

Experiment 28 — Dog Weight C 5 kg Fed twenty eight hours before opera- 
tion Clamp applied 11 cm below pylorus Postoperative course as in othei 
cases Died in fifty six hours and body immediately placed on ice Autopsy ten 
liours later Obstiuction complete No peiitonitis Local infection around the 
clamp Stomach and pioximal intestine only slightly distended and contained a 
small amount of bile stained fluid The distal intestine vas totally empty Two 
superficial ulcers were seen in the mucosa of proximal intestine The liver, kid- 
nej s, spleen and pancreas appeared normal 

Microscopic Examination — Intestine not examined 

Kidney Tubules swollen and show granulai degeneration, very marked in 
places 

Liver Intensely congested 

Baclei lology — Cultures from the femoral blood, the peritoneum, the liver, the 
spleen and the local collection of fluid around the clamp all were wuthout growth 
under aerobic and anaerobic conditions 

Experiment 29 — ^Dog Weight 8 kg Fed thirty hours before opeiation 
Clamp applied 115 cm below pj lorus Postoperative course same as in othei 
cases Receix ed about one fortieth of body weight of normal saline subcuta- 
iieousK daily He remained in excellent condition for eight days, during which 
time he lost a little over 2 kg in weight He drank w'ater each day, which was 
alvaxs xomited Pulse from 130 to 174 Temperature, 38 5 to 40 C On the 
nintli dax he xvas etherized and the abdomen opened The obstruction was com- 
plete Ihe stomach and proximal intestine were much distended and filled with 
a gieenish fluid of the thickness of pea soup There w'as no peritonitis The 
splanchnic xessels were not much dilated, except those above the occlusion The 
spleen was not enlarged The lix'er and kidneys did not show much congestion 
Sections xvere taken from the stomach, duodenum, distal intestine, Inei, spleen 
and kidney while the dog was still under ether, after which he was killed 

Microscopic Examination — The stomach is normal 
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The provimal intestine shows marked congestion and an edema in the sub- 
mucosa The lesions liere nere not advanced, because the specimens were taken 
some hours before the animal iiould ha^c died from the disease The distal intes- 
tine IS normal 

The luer is congested The cells show gianular degeneration and areas of 
necrosis are present 

The kidney is congested Tubules contain gianular coagula The cells show 
granular degeneration 

The preceding senes includes experiments on eleven animals wiiicli 
maj' be summarized In tivo a complete obstruction was not obtained 
because the clamp was not sufficiently tight The tuo animals uere 
killed after tit ent) -one and twent 3 -foui da^s, lespeclnclj, while each uas 
in good condition Tbe^ bad lost considciablc t\ eight, and one of them 
was weak, but otherwise they acted like noimal dogs 

The remaining nine dogs all showed a similai condition while living, 
and autops} juelded the same findings in the oigans In some dogs, 
paiticulailj those wlndi li\ed tlie longest, tlie dilatation of the sioniach 
and the duodenum was ter} maikcd 

Four dogs in this series tvere git en sterile w atcr by mouth only, and 
this they promptly vomited They were, thcicfore, piacticall} getting 
neither nourishment noi watci, foi if what they dinnk was not all 
vomited, ^ely little absorption could take place fiom the stomach and 
duodenum Beginning with the foiiilh dog. encli dog leceited from 
150 to 300 cc sterile normal saline solution, siibcutaiicoud}, pei day 
This tvas absorbed In one case this was not giten till the thud day 
This animal liad then begun to act sick, hut showed a maikcd lmplo^c- 
ment after the administration of the hjpodemocl^sis In geneial, the 
dogs which recened this saline lived longei than the othois Thev 
sometimes drank stenlc wntei in addition, but this they always vomited 
in a ver} short time In many cases thej lefusod to dunk raoie than a 
few cubic cenlimeteis Tlie tliiee dogs wdiich lived the longest w'ere all 
gnen the saline suhculancousl}, and there seems no doubt that this 
proceduie was verj" beneficial 

We attempted, b) a count of the led blood-cells, to deteimme wdiether 
the dogs not receiving it sutfered from dehydration, with a consequent 
increase in the numbei of red cells pei cubic centimeter There was 
not a sufficient Aariation fiom the normal to throw any light on this 
point, the numbei ranging around 6,000,000 both bofoie and after the 
saline m 3 ection 6 The longest postoperative life w^as ten days (two dogs) 
a thud dog ll^ed ^ust under nine days, the shoitest period was thii'ty-six 
houis in a small fox teiiier which never completely recoveied from the 
operation The average length of life was one hundred and thnty-nine 
hours in this senes, as against sixty-seven hours in the senes m wdiich 
the obstruction was pioduced by sectioning the intestine and inverting 
the ends It was only in this senes that the saline infections wcie used 
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It '\^as, moieover, remarked that the second series, in which no 
damage to the intestinal wall was produced, was much nearer the normal 
throughout the experiment than was the first senes, in which the intes- 
tine was sectioned So far as we know, no other investigator has paid 
the same attention to producing an obstruction without any damage to 
the intestinal wall There is evidence that the method is of advantage 
in excluding the complications which may arise from such damage 
Clinically, we know that when a strangulation, however limited m extent, 
IS superimposed on an obstruction, the course of the disease becomes 
much more acute Medowoy,^® Eocher^^ and others emphasize this 
point 

Murphy and Vincent,^- in their experiments, worked partieulaily on 
this phase of the question In a simple obstruction in cats they found 
the intestinal wall very little damaged in four to six houis When, 
however, the circulation was disturbed, particularly a venous stasis pro- 
duced a •very severe change was present at this time They conclude 
that 'interference with the circulation of the obstructed intestine is the 
vital factor in the production of the symptoms of ileus ” 

When the mtestine is sectioned, and the proximal end sufficiently 
inverted to prevent the stomach and duodenal contents being forced 
through it, a local strangulation takes place At autopsy there was 
always found m these cases a local damage to the intestmal wall at the 
inverted point, small in extent, to be sure, but nevertheless sufficient to 
be the possible site of the absorption of a considerable amount of poison 
Often, too, a very considerable intussusception of the mvaginated stump 
vas piesent Tins mechanical damage, of course, is not an essential 
in producing death, because it was not present in the second series, in 
which the animals died We feel, however, that it has an important bear- 
ing on the problem, as we shall later more fully explain 

We desire to call particular attention to the microscopic findings in 
these cases The mtestmal mucosa, proximal to the obstruction, shows 
a marked congestion Marked round-celled infiltration is present, and 
exfoliation of the lining cells Hemorrhages are often seen There is 
piesent an acute hyperplasia of the lymph follicles The submucosa is 
edematous Distal to the clamp there is no change, or only a very slight 
change, from the normal The gastric mucosa shows only a congestion 
Tlie kidneys are markedly congested The tubules contain granular 
coagiila The tubule cells are swollen and the seat of granular degen- 
eration, not infrequently necrotic areas are seen 

Tlie liver is congested and the cells show granular and fatty degen- 
eration Eecrotic areas may be present 

IG Medo^^oy Deutsch Ztschr f Chir, 1910, cv, 1 

17 Kocher Mitt a d Grenzgeb d Med u Chir , 1898 99, iv, No 2, p 195 
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The spleen shows marked congestion, and some hypeiplasia of the 
lymph follicles 

The pancreas shows only congestion 

The changes in the intestinal mucosa aie woithy of careful study 
They may result fiom two causative factors The maiked distention and 
stretching of the intestinal wall may pioduce a ciiculatory disturbance 
or possibly an actual trauma to the mucosa The stagnated secretions 
may be sufficiently nntating to damage the mucosal cells chemically 
In eithei case there vould dcielop a condition of lessened resistance, 
and the intestinal bacteria would be free to attaek the mucosa and bring 
about the changes seen This having occurred, the changes in the other 
oigans may be conceived as having been caused by the entrance into 
the blood of poisonous materials which were produced by this bacterial 
activity Sufficient evidence that such an explanation is coriect is found 
in the fact, already pointed out, that theie is an apparent paiallel between 
the extent of the changes in the mucosa and the severity of the symptoms 

The evil effects of hyperdistention to the intestinal circulation has 
been experimentally shown by Van Zwalenburg By means of illu- 
mination in the intestmal lumen he watched the circulation when 
different degrees of pressuie were exeited inside the bowel At a pressure 
of 30 mm mercury it was noted that ':onie capillary streams were 
ane'sted, while at 60 mm small veins became blocked Above this the 
circulation showed increasing disturbance If a continuous pressure of 
fioni SO to 00 mill were continued for an hour, the apparent number of 
veins seen on the serous surface v as greatly increased Their caliber was 
also greater than normal This observation vould seem to indicate that 
the effect of the long-continued distention in a blocked bowel must 
seriously damage the mtegrit}" of the mucosal ciiculation and lead to 
the lesions observed in oiii expeiinients and lecoided above 

The influence of the stagnated secretions above the obstruction may 
be considered as important in giving rise to poisonous mateiials which 
could enter the ciiculation thiough the damaged intestinal wall In 
order to study this phase of the question, we turned our attention to an 
elimination of the bile, pancieatic and duodenal secietions as a souice 
of the poisons To this end, in five dogs the following operation was 
done The pylorus was divided and the two cut ends closed by inversion 
The intestine was divided just distal to the duodenum, and the proximal 
end implanted in the jejunum about 30 cm lowei dovn. The distal 
end was implanted into the stomach By this means the stomach emptied 
into the intestine just below the duodenum, and the bile, pancreatic and 
duodenal secretions passed into the jejunum about 30 cm distal to this 
Oui intention was to cause an obstruction with the clamp, just orally 


18 Van Zwalenbuig Ann Snrg , November, 1907, \lv), 780 
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to tli6 BG'W duodsDfll outlot wliGii tli6 Eiiiiiials should hav6 rocoverGd fiom 
ths EUQstoniosGSj thus huvin^ uu obstruction of the stoiuEch &nd about 
30 cm of the intestine hut not of the duct-bearing portion of the tract 
For a few days following the operation these dogs did well, fully regained 
their appetites and seemed to be in good health After about a week, 
however, they began to act sick They did not eat well, and sometimes 
vomited They lost weight rapidly Some of them developed diarrhea 
with bloody-appearing stools Four of them died in about four weeks 
■nith evidence of malnutrition The autopsy showed, in two of these, 
that a very extensive damage to the intestine between the stomach and 
duodenal anastomosis was present Ulcers were seen which were about 
to pelf orate The stomach and this part of the intestine contained 
partially digested blood 

The fifth dog seemed to be in fair condition after two weeks, and 
on the nineteenth day the abdomen was opened under ether anesthesia 
The anastomoses were satisfactory and no evidence of ulceration was 
present fiom the peiitoneal surface The occlusion clamp was applied 
just above the anastomosis of the duodenum with the jejunum The 
following day the dog was in good condition, he had not vomited He 
was given saline subcutaneously He died during that night and autopsy 
■sv as done in the morning The anastomoses were satisfactory A general 
peritonitis was present from a perforation within the bite of the clamp 
The stomach and intestine anastomosed to it were distended with a duty 
biownish fluid When they were opened the gastric mucosa was seen 
to be much congested , the mucosa of the jejunal segment was markedly 
congested and contained many hemorrhagic areas The intestme below 
the duodenal anastomosis was entirely normal in appearance The effort 
to produce an obstruction in which the duodenal contents should not 
be stagnated had not been successful But the symptoms developing in 
these dogs and the findings in the intestinal mucosa added emphasis to 
the relations existing between these two factors In many ways these 
dogs hehaied like the ones with an obstruction, the symptoms and the 
course of the disease being, howevei, much less acute The microscopic 
examination of the intestinal mucosa, the kidneys and the liver, showed, 
too, the same lesions as found in the simple obstruction 

The fact that such damage to the intestinal wall, in so far as it occurs 
in intestinal obstruction, is the cause of serious symptoms, and, if exten- 
sile enough, may even cause death, seemed to be well demonstrated 
That it is the sole factor, however, was not proved, and as stated above, 
oui attention had been arrested by the benefit derived from the admin- 
istration of salt solution under the skin It was conceivable that this 
benefit arose from diluting and eliminatmg the poisons absorbed through 
the damaged intestine Such a supposition, however, had no support in 
any Moik done, and accordingly a more detailed study of this question was 
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undoi taken, and for tins puipose Dr Benedict, of the depaitment of 
chemistry', kindly offeied to make some studies in metabolism for ns 
To him we are indebted foi a most impoitant discoveiy which, we believe, 
throws mnch light on the question under consideration, if it does not 
completely solve the problem of the cause of death fiom uncomplicated 
intestinal obstruction 

Experiwekt 1 — ^The first dog under Ins ofiscr% ation was a female in good 
condition, neighing 12 1 kg The clamp was applied under ether narcosis on the 
lowei pait of the duodenum, iJIarch 4, 1912 Table 3 gives the results found 
during the three and a half days that she In ed 

TABLE 3 — RESULTS OBTAINED AFTER CONSTRICTION OF TIIE LOWER PART 



OP TOE 

DUODENUM 

FOR THREE AND ONE HALF D \YS 





Combined 







1 In 1(1 

Total 



Wclgbt, 

Urine, 

Vomitus, 

Output, 

Nitrogen 

, RemarKs 

Date 

IvS 

c c 

c c 

L t 

gm 


3/4/12 

12 10 





Clamp applied to lower 






duodenum 

3/5/12 

11 28 

20 

720 

74G 


Rccoficd 100 cc of a 






0 9 per cent saline 
solution 


3/G/12 

10 30 

15 

500 

313 

10 334 

RcceUed 100 cc of a 






0 0 pel cent saline 
solution 


3/7/12 

9 SO 

80 

510 

590 


Recohed 100 cc of a 







0 0 per cent saline 
colutloD 

3/S/12 






Died 

Totals, 


127 

1.730 

1,S57 




Fiom these figures it is seen that she lost 2 2 kg in weight Tier output of 
fluids, including the urine and lomitus but not counting tbe water of ovpiintion, 
was 1,857 cc, to oITset which she had onh rcccncd 300 cc subculnncoush The 
total nitrogen output in two dajs was 10 31 gm , which equals, approMinatelv, 
0 5 gm per kilo per da%, which is two or Ihieo tunes the noiinal output A 
sample -volume of urine of 127 cc contained 3 574 gm albumin The creatin 
excreted in this equaled 0 G38 gm , which was inoic than double the amount of 
creatinin 

It was obvious from tbc'^e dguies that a teiy seveie giade of tissue 
dismtegiation was taking place, and that a water loss avei aging about 
5 pel cent of the body v eight was sulTeied each day It at once became 
apparent that the amounts of water ue had been giving ivcie entiiely 
inadequate to replace this great loss, and that piobably death was much 
hastened by such a loss 

Accordingly, we made a study of ihiee dogs in ivhicli the daily output 
was measured, and a quantity of noimal saline about 100 c c in excess 
of this was in 3 ected under the skin These dogs ivith the clamp applied 
on the lower duodenum woie kept alive in this ivay for three weeks 
(one for twenty-six days), and duiing this time they lemained in good 
condition They weie then etheiized a second time, and the abdomen 
opened to see if the obstiuction were complete In eveiy case it was 
found to be so The stomach and the duodenum above the clamp weie 
excessively dilated, and their contents could not be foiced thioiigh the 
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clamp into tlie intestine below, which was found empty and much con- 
tracted By varying the amount of water injected, we could accurately 
control the condition of the dogs The complete study of one of the 
experiments is shown below 

tablh 4— eesults obtained with clamp on the duodenum fob three 

WEEKS AND INJECTIONS OP SODIUM CHLORID 


Date 

3/13/12 

3/14/12 
3/15/12 
3/16/12 
3/17/12 
3/18/12 
3/19/12 
3/20/12 
3/21/12 
3/22/12 
3/23/12 
3/24/12 
3/25/12 
3/2G/12 
3/27/12 
3/28/12 
3/29/12 
3/30/12 
3/31/12 
4/ 1 /12 
4/ 2 /12 

4/ 3 /12 





Fluid 

Iniection 
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Urine, 

■Vomitus, 

Output, 0 9% NaCl 
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kg 
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c c 

c c 

c c 

SOI , c c 

Clamp applied to 
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lower duodenum 
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6^ 
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— 
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10 84 
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600 
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1 

X 

t 


150 
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850* 
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— 

130 
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10 24 
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550* 
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80 
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500 


10 24 
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70 

1,180* 
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JL 

1 

t 

800 



85 

1,160* 

1,245 

800 


10 00 

310 

— 

310 

700 


562 

150* 

712 

300 



390 

* 

390 

200 



160 

200* 

350 

200 



55 

80* 

135 

150 

Is in excellent con- 

89 

55 

* 

55 

100 

650 

650 


dition 

Obstruction found 

83 






complete Clamp 
removed Recov- 







ery 

for 21 days 

2 877 

6,640 

9,517 

8,250 



Obtained by stomach tube t Incomplete — None 


Expebuient 2 — A bitch weighing 113 kg had the clamp applied under 
ether narcosis, on the lower duodenum, March 13 April 3, twenty one days 
later, when in excellent condition, she was again etherized and the abdomen 
reopened The obstruction was found to be complete The clamp was removed 
and she is still alive The total vomitus during the twenty one days was 6,640 
c c and she received to offset this 8,250 c c of saline solution Much of the 
vomitus had to be obtained by the stomach tube, as the stomach became dilated 
and would not empty itself She lost 3 kg in weight The study of the uiine 
gave most interesting results During the first vv^eek it showed v'ery marked 
abnormalities The albumin content was as high as 4 5 gm per day, and the 
total nitrogen, exclusive of this, was, on an average, 5 gm The creatimn creatin 
ratio was about 1 to 2 instead of 10 to 1, which is near the normal for a starving 
dog The latter ratio was later established During this w'eek the vomitus was 
1,870 cc in amount, which was 120 cc more than the amount of saline solution 
administered The urine equaled 890 c c , so that there was a loss of water equal 
to one tenth of the body weight Tlie condition of the animal was only fair 
during this week After the seventh day the saline was increased to 550 c c 
daily and maintained there, or higher, for several daj s The abnormalities in the 
urine entirely disappeared, and it became the urine of a dog under normal starva- 
tion, except that it contained bile throughout There was coincident improve- 
ment in her condition Later, on the sixteenth day when vomiting had ceased 
and the stomach-tube recovered very small amounts, the saline was again 
decreased to 200 cc or less, the dog remained well, and the urine continued 
normal 

DxPEKrxiENT 3 — A small bitch weighing 5 88 kg had the clamp applied under 
ether narcosis to the lower duodenum, April 8, 1912 She received the normal 
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saline solution subcutaneously, every day, the first in3ection of 300 c c being given 
immeamlely after the operation The quantity -was repeated on the two follow- 
ing days, and then for sixteen days she received 400 cc daily, and for two 
additional days 300 c c each The total saline administered during the continu- 
ance of the experiment for twenty-one days was 7,900 cc an a^erage of 376 cc 
per day, which was equal to about 8 per cent of her average body-weight. Dur- 
ing this time the total amount of fluids excreted in the urine and the vomitus 
was 6,354 c c Much of the vomitus had to be excreted by means of the stomach- 
tube because the stomach became atonic and vomiting ceased even though the 
organ was full Her loss in weight was 1 4 kg Throughout the entire experi- 
ment she remained in a condition of apparent perfect health She was always 
playful and lively On the twenty-first day she -was ctherircd and the abdomen 
was reopened The clamp was found tn situ and the obstruction was complete 
Four hundred and fifty cc of water were put in the stomach through the tube 
This readily passed through the pylorus and dowm the duodenum to the clamp, 
where it was completely stopped It was impossible to force any bejond the 
clamp by direct pressure on the duodenal wall The clamp was removed and a 
small perforation, which was completely closed by the rubber covering of the 
plate and by adhesions, was found in the hite of the clamp Tliere was no 
peritonitis 

Expehiment 4 — hitch weighing 12 2 kg had the clamp applied under ether 
narcosis to the lower duodenum, April 19, 1912 During the following six days 
she received 1,600 c c of normal saline solution subcutancousl}’, and excreted in 
the form of vomitus and urine 1,020 cc On the seventh day she did not %omit, 
and the stomach-tube recovered nothing We suspected that the clamp uas not 
tight enough to produce a complete obstruction, and she was accordingly given 
500 c c of water through the stomach-tube and a quantity of meat which she ate 
greedily Following this she again vomited, and in four davs put out 2,150 c c 
in which the digested meat was present The injections Mere then increased, 
quantities varying from 700 to 600 cc being given daily The vomiting ceased 
and a quantify of urine was passed, slightly less than the saline injected, the 
total for seven days being, saline 4,000 c c , urine 3,200 c c Tlie saline was again 
decreased, and the urine fell, but no vomiting recurred She was cthenred 
May 16, twenty-six days after the obstruction, and the abdomen was reopened 
The obstruction was found to be complete The stomach and duodenum were found 
to be enormously dilated, having a capacity of 1,000 c c , while the intestine below 
the clamp was contracted and empty, not showing any trace of bile No detailed 
study of the urine ivas made in this or the preceding case 

It Will be noted that in many instances there was no vomiting, bnt 
the stomach-tube recovered large quantities Tins mnst be taken into 
account in determining the amount of saline to be adminisieied, because 
whetliei vomited or retained m the stomach, it means a loss to the 
animal These three dogs were under identical conditions with the nine 
previously reported, except that they received amounts of normal saline 
solution about 100 c c in excess of the daily output of vomitus, often 
reaching 500 to 700 c c per day, while the animals m the foimer series 
received only 150 or 200 cc per day IsTo dog in the first senes lived 
longer than ten days All dogs in the later number were alive and in 
good condition at the end of three weeks, and apparently would have 
succumbed only to starvation if the experiment had been continued 

In order to be certain that no leakage took place, an obstruction was 
produced in two dogs by dividing the lower duodenum and closing the 
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ends by inversion The result was the same as in the dogs having the 
clamp applied Caie must be taken, however, to minimize the amount of 
damage done to the intestinal wall in this operation, otherwise the animal 
IS poisoned from this source and may die 

From these results it is plain that the loss of fluid fiom the organism 
IS the disturbing influence and is the important factor in explaining 
the symptoms and death following uncomplicated high intestinal obstruc- 
tion in dogs Death is caused by the loss of water which the tissues 
sustain from the excessive amounts vomited, and death can be prevented 
if this V ater be replaced by cutaneous injections of normal salt solution 
The source of such enormous amounts of vomitus is a mattei of 
interest Dr Benedict’s study of the vomitus from the experiment 
detailed under Table 4 showed it to be strongly acid, and to have a 
specific giaiity of 1 007 The total amount contained 16 7S gm of 
chlorin, which, computed as sodium eWorld, equals 27 65 gm Bile was 
alvaj's present The low specific gravity indicates that it was largely 
water These findings show, as would be expeeted, that the vomitus is 
a diluted mixture of bile and gastric secretion The part played by the 
pancreas and duodenum is unknown In all the cases the vomitus was 
more abundant during the early part of the experiment than it was later, 
and toward the end it often almost entirely disappeared The following 
considerations offei an explanation of this unexpected fact The dogs 
weie all in good condition when operated on, and presumably the liver 
and other glands veie actively secreting The products of these glands, 
bile, pancreatic juice and duodenal secretion, found no outlet beyond 
the duodenum, and hence were forced back into the stomach Here 
they acted as an irritant to the gastric mucosa, and as a result a secretion 
of gastric juice and an excretion of water took place to the enormous 
amounts found As the experiment proceeded the dog gradually devel- 
oped the condition of a sta'^ving animal in which all the alimentaiy 
glands become inactive, the bile in particular being very small in amount 
The distuibing influence of these retained secretions being absent, the 
lomiting gradually giows less, and finally almost ceases The small 
amount of bile secreted is taken care of in the duodenum and stomach, 
being either digested oi absoibed That some is absorbed is shown by 
the fact that the urine contains bile throughout the experiment The 
bile alone, however, is not the offending factor, because in cases in which 
the common bile-duct vas tied and an anastomosis made between the 
gall-bladder and the intestine below the clamp, large amounts of vomitus 
appeared, though not equaling those above given 

The results of all our work demonstrated, therefore, that there are 
two important factors concerned in producing the symptoms and causing 
death in a high intestinal obstruction in dogs 
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the loss of water from the tissues caused by the excessive 
drainage into the intestinal lumen followed by vomiting This factoi 
IS entirely undei therapeutic control It can be rendeied haimless by 
the subcutaneous administration of noimal saline solution 

Second, the absorption of poisonous materials from the intestinal 
wall, when, by reason of ovei distention and chemical irritation the 
mucosa is damaged and bacteiia set up an actne inflammation in it, 
and possibly the other intestinal coats This factor is not appreciably 
influenced by the administration of the salt solution 

REVIEW OF THE WORK OF WHIPPLE, STONE AND BERNHEIH 

We have refeired above to the voik done by Whipple, Stone and 
Bernheim, which appeared** after pieliminary reports of our work had 
been published,^'’* setting foith the conclusions ;inst giicn As their 
conclusions differ in impoitant paiticulars fioni oiiis, it seems adii'^able 
to compare the tvo, and if possible reconcile the facts as a basis foi the 
correct conclusion In doing this we shall quote freely from an article 
already published,-^ in which this pliase of the subject was tieated 
Wliipple, Stone and Bcinheim,“ studied the question b'^ producing 
a closed loop of the duodenum, beginning just below the panel eatic ducts 
and ending beyond the suspensory ligament This portion u as isolated 
from the remaindei of the intestinal tract by tying a hoary ligatuic 
tightly at these two points, and burying it undei an inverted layer of 
the peritoneum A gastro-entei ostomy uas then done Dogs so treated 
died m from thirty-six to screntj^-two hours The authors infer led from 
this that there developed in the closed loop a poisonous mateiial, the 
absorption of which caused death Since the closed loop contained neitlier 
gastric secretion, bile nor pancreatic juice, the conclusion seemed inev- 
itable that some alteiation in the loop function was responsible for death 
A senes of caieful and well-controlled epeiiments was then under- 
taken to study the nature, and if po‘?sible, to determine the source of any 
poison The method employed was to produce the isolated loop, collect 
the contents, sterilize them by heating to 60 C , filtenng them, and 
then, after autolysis, to inject them into a healthy dog, intiarenously, 
subcutaneously or peritoneally It was demonstrated in this way that 
dogs so injected died promptly Further, the authors were unable to 
isolate any poisonous material from the normal intestine by any method 
of treatment, and if the mucosa of the loop were first destroyed by a 

19 Hartwell and Hoguet Am Jour Jled Sc , 1912, cvlni, 357 

20 Hartwell and Hoguet Experimental Intestinal Otstruction in Dogs, with 
Especial Reference to tlie Cause of Death and the Tieatment by Large Amounts 
of Normal Saline Solution, Jour Am Med Assn , 1912, lix, 82 

21. Hantwell, John A Jour Exper Med , 1913, xviii, No 2, p 139 

22 Whipple, Stone and Dcrnheim Jour Expei hied , 1913, x\ii, 280 
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fluond, BO poisons appeared Lastly, some dogs died within a few days 
when the loop was drained externally, there being, according to the 
authors, an absorption directly from the mucosa, and not from the 
Inmen 

The authors summarize, in part, as follows 

ihsre seems, therefore, no escape from the conclusion that a poisonous sub 
stance is formed in this closed duodenal loop which is absorbed from it and 
causes intoxication and death Injection of this toxic substance into a normal 
dog gives intoxication and a reaction more intense than, but similar to, that 
developing in a closed loop dog (p 306) 

The mucosa of closed or drained duodenal loops contains a toxic substance 
quite similar to the toxic material found in the lumen of the closed loops 

Normal intestinal mucosa contains no toxic substance nor can it neutralize 
tn vitro the toxic substance produced in the closed loops Our experiments 
show that formation and absorption of a toxic substance may proceed in a loop 
whose blood supply has in no way been disturbed, and whose mucosa is quite 
intact both in gross and microscopically (p 323) 

The authors apply their findings to the condition of simple intestinal 
obstruction, and state it as their belief that ^The toxic material concerned 
is the same in both instances” (p 331) They add “Our experiments 
indicate that intoxication is the primary effect, and the loss of body 
fluids a secondary one, rather than the reverse, as is claimed by Hartwell 
and Hoguet”®“ In substance, they claim to have proved that a closed 
loop of intestme, without undergomg any morphological change, produces 
a toxic substance which is absorbed and causes death Moreover, they 
infer that a similar condition exists in simple intestmal obstruction, 
and that here also death results from the absorption of this same poison 

TVe fail to find anj evidence in their experiments, as published, to 
justify these claims On the contrary, we find that the protocols definitely 
show a damage to the mtestinal wall, and that the toxic substance they 
are dealing with arises from this source In the absence of this damage 
no toxemia is present except that produced by the loss of water in the 
vomitus We submit the following leview of their protocols in support 
of this view 

Dog S 34 — ^Moribund in twenty seven hours llilled witb etber Autopsy 
immediately “The duodenal loop is of enormous size ” “Purplish patches show 
through the transparent serosa ” “The contents are blood stained ” 

Microscopical Examination — “In places the wall of the duodenum shows 
necrosis, hemorrhage and invasion by leukocytes ” 

Dog S 27 — Died in thirty-tm'o hours 

Autopsy “The duodenal loop is contracted and contains a little material 
Its walls show a few areas of subserous hemorrhage, about 1 or 2 cm in diame 
ter There is obvious necrosis associated with these areas, and through one of 
them rupture had taken place, with escape of duodenal loop fluid into the pen 
toneum ” No microscopical examination is given 

Dog S 20 —Death in fortv-eight hours One hundred c c of fluid are in the 
loop “The closed loop mucosa is pinkish and a little swollen, but no ulcers are 
present Tlie proximal loop was not tight, and some fluid had probably remirm- 
tated into the stomach ° ° 
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Dog 56 — ^Death in fifty-five hours Kemained well for twenty-four hours 
Autopsy — ^“The abdominal cavity is clear except for slight granular perito- 
nitis about the loop and area of operation ” “The small intestine below the loop 
contains blood-stained mucus, and its mucosa has a mottled appearance, with 
large areas of deep red color where the capillary injection is quite marked The 
duodenal loop is rather flabby and not greatly distended It contains about 60 
c c of a thin, soup-like, faintly blood-tinged fluid The loop mucosa is quite 
intact, but of a delicate pinkish tinge ” No microscopical examination is gi\ en 
Dog S-53 — ^Death in three days Seemed well for tis enty-four hours 
Autopsy — Tlie condition of the loop mucosa is not giien, it is merely stated 
that it IS pink and intact No microscopical examination is given 

Commenting on these four experiments the authors say 

The duodenal loop may show a normal intact mucosa in gross and micro- 
scopically, except for a little diffuse injection Again, it may show necrosis, 
ulceration and hemorrhage, and the contained fluid may vary correspondingly 
in characteristics, but it always contains a toxic substance (p 291) 

In only one ca'^e, however, js a microscopical examination given, and 
then marked changes were found, while in the others evidence of change 
iftas seen giossly The length of life seems diiectty to correspond to the 
lack of damage found in the mucosa, as demonstrated by the reported 
findings in Dog S-53, which lived for three days 

The following protocols give the conditions found in the duodenal 
loop, when the dog is killed at the end of twenty-four to twenty-eight 
hours In one case. Dog S-4:, the contents were blood-tmged, owing to 
inversion of the duodenal mucosa 

Dog S 4 — ^“The mucosa throughout the loop is intact, but slightly sw ollcn 
and of a pinkish color ” 

Microscopical ExaviimUon — “The tips of a few of the m11i are slightly 
swollen and contain a few polymorphonuclear leukocytes Tlie epithelium is nor- 
mal throughout ” 

Dog S 2 — ^In twenty six hours the duodenal loop contained blood-tingcd fluid , 
in places, on microscopical examination, “it shows some areas of necrosis with 
hemorrhage and imasion by pus cells, imohing mucosa and submucosa ” 

Dog S 5 — The loop contained blood-tinged fluid 

Microscopical Examination — “Tlie duodenal loop is quite normal” 

In two dogs, S-38 and S-29, the duodenal loop contents were not 
blood-tmged, and the mucosa, on gross examination, seemed noimal, 
though no microscopical examination is given 

These dogs were all m fair condition when killed, being described 
as ^'dull and drowsy,” 'Veak,” ^^pulse strong,” "somewhat dull but not 
very toxic” The incipient damage to the mucosa, as shown in these 
cases by the blood-tmged fluid and the microscopical examination, 
explains the cause of then condition We cannot reconcile a normal 
mucosa with a blood-tmged content, as reported m Dog S-5 

Dogs S-12 and S9 — Both dogs were killed after forty -four houis, and were 
apparently in fair condition, Dog S-9 showing a carotid pressure of 100 to 110 
mm of mercury, with almost normal pulsation There weie no visible changes 
in the loop mucosa, either on gross examination or micioscopically 
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Dog S 38 — ^The dog -was killed aftei forty eight hours, his condition being 
“somewhat toxic” “The blood pi essure was practically normal and the pulse 
regular ” “The duodenal loop contains 20 to 30 c c of a strawberry colored thick 
fluid The loop shoMs a diffuse pinkish mucosa, no ecchymoses and no ulceis ” 

These dogs were killed after from forty-four to forty-eight hours, 
when in good condition, and no change was found in the mucosa If 
the enclosed secretion from the mucosa itself is the active poison, the 
absoiption of which, by the mucosa, causes death, why are the dogs 
not made more ill^ We believe it is because m these individual eases the 
mucosa was not so severely damaged If we compare them with Group 1, 
in which the dogs were allowed to die, and with the group immediately 
preceding, in which at the end of approvimately twenty-four houis the 
dogs were appareiitlj’’ more toxic, and a definite change in the mucosa 
was found, we cannot escape the conclusion, from a careful analysis of 
the cases, that the severity of the toxic symptoms is in direct ratio to 
the damage done to the mucosa 

In their injection experiments (pp 301-304) the authors prove 
beyond question that they have obtained from the contents of the closed 
loop a substance, which, after sterilization by heat (60 C for thiity 
minutes) and filtering through a Gooch oi other porcelain filter, is very 
poisonous, and will cause death in a few hours, if it be injected into the 
\ein, the peritoneum or the subcutis of a dog 

Wliipple, Stone and Bernheim find that a similar poison can be 
extracted from the mucosa (not the loop content) of a non-drained oi. 
a drained closed loop, injection of which into dogs pioduces severe toxic 
symptoms (pp 310-311) They argue from this that the substance with 
u Inch they are dealing is elaborated in the mucosa of the closed loop, and 
that some unknown force is at work which profoundly alters the activity 
of the epithelial cells Yet they emphasize the fact that there is no 
demonstrable change from the normal Where do they conceive this 
toxic substance to arise ^ They disprove Draper Maury’s contention 
that it IS a normal output of the mucosa, which is poisonous unless 
neutralized with fluids from other portions of the alimentary tract, by 
showing that duodenal loop fluid, digested with normal intestinal mucosa, 
loses none of its toxicity (p 316) With a normally secreting mucous 
membrane, undergoing no change from the normal, it is diflicult to 
conceive how there is rapidly formed a very toxic material which is 
directlj" absorbed from it into the general circulation, with resulting 
death It seems inevitable that severe changes take place in the mucosa 

they are usually demonstrable — and that the toxic material comes from 
this alteration in the mucosa In all cases in which death occurs from 
the closed loop itself some evidence of damage to the mucosa is described 
and the seventy of the sjmptoms runs parallel to the severity of the 
demonstrable damage 
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A careful study, tlierefoie, of tlie findings of these authors makes 
us unwilling to accept their conclusion tliat a poisonous substance is 
poured out by a noimal mucosa, oi elaborated and diiectly absorbed by 
the normal cells, which substance produces the toxic symptoms in simple 
high intestinal obstruction In discussing the fact that dogs with a 
simple obstruction may be kept alive at will by simply leplacing with 
normal saline solution the fluid lost in the lomitu'?, Whipple, Stone and 
Bernheim say that the benefit denied “is due to dilution and elimination 
of the toxic mateiial by this means, and tlie development of a gradually 
increasing immunity which can be shown to appeal in dogs aftei intia- 
venous in 3 ection of the toxic substance’ (p 321) Yet they lepoit 
conclusive expeiiments sliomng that their toxic substance ncithei exists 
in the blood of a closed loop dog nor remains for two hours in the 
blood of a dog that has receiied a lethal dose intiavenously (p 309) 
It IS difficult to comprehend, then, how saline solution gnen once a day is 
capable of W'ashmg out fioin the blood a substance wliicli, within two or 
three hoiiis, is “fixed b} the cells oi paitl} destioied/’ and which, if not 
w^ashed out, will incMtably cam^e death If this were possible, one ought 
to find a cure for oiganic poisons b} a h 3 podeimoclysi 6 , and, similaily, 
the closed-loop dogs ought to be saved by tins means 

In commenting on the claim of Ilaitwell and nogiiet,-® that this 
action of salt solution is a strong aigument against an essential toxemia, 
and that the loss of water is the impoitant factor, Ylnpplc and his 
associates sa^ “One might argue in the ‘same inannei that the appeal ance 
of sugar in the urine is the cause of diabetes ’’ The analogy is incoriect 
Weie it possible to alienate diabetes b^ the subcutaneous infections of 
sugar, to the extent that obstruction mav be alleviated b} infections of 
saline solution, the analogy would be acceptable, the loss of sugar being 
the prime factor in one case, and the loss of w'ater in the other 

Moreover, the most potent aigument of Hartwell and Hoguet in tins 
connection — a noimal starving metabolism when saline is given, and a 
completely deranged one wdien it is withheld, as detei mined by Benedict 
— IS entirely ignored by Whipple, Stone and Bernheim 

It IS our contention that the expeiiments cited by these aiitliois have 
__ no bearing on the subfect of unconiphcated obstiuetion. They show, 
however, that a damaged intestine will produce a substance which is 
very poisonous if it gain access to the blood This is exactly the same 
conclusion w'e arrived at by a difieieiit method of investigation and 
reasoning 

Still further to test the question, we produced the doubly closed loop 
in different parts of the bowel on a series of dogs 

The experiments with a doubly occluded loop of intestine, made either 
by section and inversion of the ends, or b-y the clamps, need not be detailed 
because they duplicated in every way the results obtained by Wliipple, 
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Stone and Bernheim It is worthy of note, however, that dogs with the 
double closure in the middle of the jejunum showed the same symptoms 
and died in the same way as those with a duodenal doubly closed loop 
When the 3e3unal loop became distended with its secretions, and the 
mucosal ciieulation ivas damaged, the animals became sick and ultimately 
died The course, however, was less acute This proved that death is 
not due to any specific action of the duodenal mucosa, as Whipple, Stone 
and Bernheim assume When, however, a double occlusion is produced 
in the lower ileum, or the cecal region, the animals are not sick, and they 
may live an indefinite tune Similar results have been ohtamed by 
von Baracz They are explained by the fact that this part of the intes- 
tine secretes very little fluid and consequently there is no distention, no 
damage to the mucosa, and no absorption of the poisons which higher 
up result from such a damage 

A senes of experiments perfoimed by us with the ob3ect of preventing 
such a damage even in the duodenum gave important results We 
believed that if we could minimize the amount of fluids poured out 
into the duodenal loop and the operative damage to the bowel waU, we 
could longer retain an intact mucosa, and hence longer delay the fatal 
outcome To accomplish this the operation was done m two stages 
At the first stage the bowel was sectioned 3ust below the pancreatic duct 
and the two ends closed by inversion, with as little operative damage 
as possible The continuity of the alimentary canal was then reestab- 
lished by a lateral anastomosis between the upper duodenal segment 
and the beginning of the 3e3unum In this way there existed a segment 
of the duodenum below the ducts which was closed at the upper end 
and drained by contmuity directly into the 3e3unum The animal was 
allowed to recover completely from this operation during a period of 
two weeks He was then kept without food for four days, and the second 
stage operation performed At this time the lower end of the duodenum 
was sectioned at the site of the entero-enter ostomy and the two ends 
closed, the same eaie being taken to avoid needless damage to the mucosa 
m doing this Thus, there resulted a doubly closed duodenal loop 
Followmg this operation the animals received no food or water by mouth, 
but were given salme subcutaneously This was done with the belief 
that absence of the stimulation from food would materially decrease 
the secretions in the closed loop, and thereby prevent its overdistention 

In a series' of dogs we were able to get a positive result in two in 
that with a double occlusion of the duodenum without visible damage 
to the mucosa death did not result as it usually does in the one stage 
operation with its mevitable damage to the mucosa 


23 Von Baracz Arch f klin Chir , 1899, Ivui, 121 
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Dog 107 — ^Iklay 1, 1913 An entero enterostomy was done between the duode- 
num 3 ust below the pancreatic duct and the first part of the 3 e]unum The bowel 
was then sectioned and the ends closed by inversion at the proximal end of the 
loop of duodenum thus formed Recovery from this operation vas completed bv 
May 3, aftei winch he was regularly fed and seemed to be quite normal 
Mav 12 to IG All food withheld but water gi\en fieely 
May IG Abdomen again opened, and the distal end of the duodenal loop was 
sectioned near the anastomosis and the two ends closed by inversion and suture 
Thus there was formed a doubly occluded loop of the nliole duodenum, while an 
enteio enterostomy reestablished the intestinal patency Folloning this opera- 
tion he was moderately sick for four or five days He vomited somewhat He 
was given all the water he would drink and no hj podcrmoclysis At the end of 
a week he seemed entirely normal, ate grcedil) and bad no trouble in digesting 
food On the seventeenth day after the second operation, the abdomen was again 
opened The duodenal loop was found tightly closed at both ends and practi- 
cally empty The mucosa was slightlj congested, but otherwise quite normal 
Dog 108 — ^The same procedure was followed as in the previous case Twenty- 
five dajs after the second operation the abdomen was opened and the loop exam 
ined In this case there had been a reestablishment of the lumen from the dis 
tal end of the loop into the intestine This had been possible because after sec- 
tioning the bowel, and inverting the two ends at the second operation, they had 
been fastened in apposition so as to pre^cnt an intussusception It is not con- 
cenable that this could have resulted under one week, so that the dog lived din- 
ing this time in good health with a doubly occluded duodenum 

In the whole senes of doubly occluded duodena which ue did, theie 
was alwaAs a direct relation hetueen the seventy of the s3Tnptonis and 
the shortness of postopeiative life on the one hand, and the amount of 
mucosal damage on the othei 

The two cases cited above w'e submit ns giving final proof to our 
contention that theie is no fatal poison ansing fiom the duodenum 
when there is no damage to the mucosa 

LOW OBSTRUCTION 

Having demonstiated the causes of death m high intestinal obstiuc- 
tion we next turned oui attention to a study of an obstruction lowei 
doivn In the following, the obstiuction ivas pioduced by clamp in loivei 
ileum 01 at cecum, and treated with small amounts of noimal saline 
solution 

Dog 48 — Weight 13 5 kg Fed twentj-four hours before opeiation Clamp 
applied just above cecum 

December 12 Vomiting large amount of bile stained fluid Given water by 
mouth and 200 c c subcutaneously Condition good 

December 13 Drank water gicedily, 200 ec saline subcutaneously Condi- 
tion good Temperature, 40 Pulse, 120 Vomiting somewhat 
December 14 Same 

December 16 Condition not so good Acts sick Pulse 145 
December 10 Veiy sick Vomitiis excessive Bright led in coloi Fecal in 
character and veiy foul Pulse 180 

December 17 Died during night Lived five and one half days 
Autopsy — Obstruction complete Small abscess aiound clamp Ho pento 
nitis Very intense congestion throughout pentoneum Kidneys and livei 
intensely congested 
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Alimentary Tract Stomach not distended, but mucosa somewhat congested 
Duodenum the same The entire ileum is greatly distended, wall thin, mucosa 
intensely congested In lower part hemoirhagic areas aie present, and in spots 
Buperiicn.1 areas of necrosis exist 
Damage to mucosa caused death 

Dog 50 — ^Weight 5 kg Fed few hours before opeiation Clamp applied just 
aboie cecum 

The postoperative condition exactly parallel to that of Dog 48 Remained in 
excellent condition for three days, then began to sicken and died after five and 
one half days He received from 150 to 210 c c water subcutaneously each day 
and drank in addition Vomited eveiy day 

Autopsy — Obstruction complete No peritonitis Same changes found as in 
Dog 48 The ileum above the clamp was enormously distended and black in 
color No actual necrosis seen Kidneys and liver markedly congested 

Dog 52 — Fed twenty four hours before operation Weight 12 kg Clamp 
applied just above cecum 

Postoperative behavior as in previous cases, except that he remained well 
for nine days, after which he grew sick Received 200 c c of saline subcuta- 
neously each day Vomiting much less than in other cases 

Killed with ether on tenth day while in apparent fair condition 
Autopsy — Obstiuction complete No pertitonitis Upper bowel empty 
Lower ileum much congested, markedly distended and containing a quantity of 
foul smelling liquid, fecal matter There was a marked peristalsis still present, 
and the fluid contents of the bowel could be seen continuously forced downward to 
the site of the obstruction There was no marked evidence of the damage to the 
intestinal wall seen in the other cases The Iner showed some congestion, but 
otherwise the organs appeared normal 

Cultures fiom the peritoneum, femoral blood, spleen and livei all proved nega- 
tive, both anaerobically and aeiobically 

This type of experiment was done six times, and the results accorded 
m every way with the three here described Length of life exactly 
paralleled the lack of injury to the intestine as it had done in the high 
obstruction 

In the following low obstiuction was treated with excess of salme 
subcutaneously 

Dog 85 — Clamp applied 62 cm above the cccum Normal saline, 400 c c , 
was given subcutaneously at the end of the operation This i\as repeated the 
next day, but in spite of it the dog only lived forty six hours 

Autopsy — No pel itonitis Obstruction complete The bowel below the clamp 
IS collapsed and empty Above the clamp the bowel is dilated all the way to the 
stomach, being four or five times the normal diameter for a distance of 150 cm 
This intestine shows very marked vascular changes throughout this length, as 
instanced bj the presence of deep ecchymoses which involve all the coats except 
the peritoneal, through which, however, they are readily seen 

These changes are most marked on the convex border of the intestine, the 
surface at uliich the circulation would be naturally most disturbed by the 
excessive distention There are no actual ulcers or necrotic areas seen in the 
mucosa 

Microscopical Examination — ^The intestinal mucosa in the above areas is 
practically destroyed There is edema throughout the entire wall of the bowel 

24 The length of life, and the absence of symptoms for such a long period, 
was due to lack of excessive vomiting and lack of damage to the intestine 
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Bet\\een all the layers js a heginniiig purulent evudatc nith hemorrhages These 
changes aie probably of microbic origin 

Dog 8G — Clamp applied 40 cm abo\c the cecum Dog remained perfectly 
M ell foi thi ec dai s On the fourth day he began to act sick, and on the fifth dav 
Mas greatlj piostiatcd though still able to ualk around the laboratory During 
the five dais the total output of urme and lomitiis iins 2,030 cc, mIiicIi iias 
replaced bj the administiation of 2 050 cc of noimal saline solution Ihe dog 
uas killed uith ether and the aulopsi immcdiatclv done 

Auiopstf — Iso peritonitis Hic clamp uas tight and produced a complete 
obstruction Ihe bowel aboio the clamp was moderateh distended foi a dis 
tance of 50 cm, and shows no gross changes on peiitoneal surface except for 
congestion imincdiatch aboic the clamp 

When the bowel is opened there arc seen main scattered small areas where 
the mucosa is much damaged, in places showing a beginning ncciosis The con- 
tent of the bowel is ordinaiy fluid fecal material 

Microscopical Examtnalton — ^Thcic is an almost complete necrotic destruction 
of the mucosa at the points mentioned aboxc The entire thickness of the bowel 
wall is edematous and shows signs of acute oxiidatne inflammation 
Ividnexs Acute parcnclixniatous inflammation is picscnt 
Lixer Granular and lipoid dcgcncratixc changes aic present 
Dog S8 — ^The clamp was applied 100 cm nboic the cecum This animal lived 
ten days, liaxing remained in excellent condition for eight daxs Hie xomiting 
was not so excessne ns in the high obstiuelion but was fecal in character and 
cxceedingh ofrcnsi\c after the third or fourth dax 'J he total output of urine 
and xoniilus in ten daxs was 2 030 cc and the saline injections amounted to 
3,900 c c 

Aiiiopsi/ — ^Tliere xxas no peritonitis Ihe obstruction xxns complete, the bowel 
beloxv the clamp being collapsed and emptx Aboxe the clamp the intestine xx.is 
distended and filled xxitli foul smelling fluid feces Ihoic x\as a slight purplish 
discoloration of the bowel for about 35 cm ahoxo the obstruction Iho mucosa 
appeared somewhat edematous, but theie x\as no exidence of ulceiation or 
necrosis 

Micioscopical Eraintmiioii — The intestine shows congestion and edema llicre 
are areas in which sonic necrosis is present with exfoliation of the mucosal 
cells No pjogcnic infiltration is seen 
Lixer shows onlj congestion 

Kidney shows congestion and some paienchjinatoiis degeneration 
Dog 87 — ^llic clamp was applied in the lower ileum This animal lixcd in 
apparent perfect health for eighteen daxs, xxhen he xi.xs killed The total output 
of urine and xomitus was 3,950 cc and the injections of normal saline totaled 
0,600 c c 

It x\ill be noted that the output of fluids is far less than in the high obstruc- 
tions, and hence the quantities of saline injected may be i educed 

Autopsy — ^Tliere xxas no peritonitis The obstruction xxas complete the boxxel 
below being empty and collapsed The boxx'el above the clamp w'as moderately 
distended, but there xxas an absence of the discoloiation, hemoiihagcs and other 
evidences of tissue damage seen in the other cases On opening the intestine the 
mucosa appeared absolutelj normal tin ougliout, except foi one small area 5 cm 
in diameter, about 20 cm above the clamp, wheic thcie xvas an ccchymosis 

Microscopical Examination — The intestine slioxxs only a slight congestion 
There is an absence of the lesions found in the animals xvhich died at an early 
date 

The kidneys and liver are entirely noimal 

The study of loxy obstruction gives, therefore, results exactly like 
those found in the high obstiuction Dogs may be kept alive indefinitely 
by the injection of an excess of normal saline solution, if the intestinal 
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wall remains undamaged Sucli injections, however, will not save life 
where there exist lesions in the mucosa which destroy the natural 
protection against the absorption of bacterial and other poisons from 
the lumen of the bowel 

It may be asked what actual evidence has been found that poisons 
enter the system even imder these conditions The evidence is indirect 
and inferential It is plain that so long as the mucosa remains intact, 
and desiccation of the tissues is prevented, there is no absorption of 
poisons because the animals remain in perfect health This -does not 
mean that the stagnated intestinal contents would not prove poisonous 
if they could enter the blood On the contrary, they are poisonous 
even after sterilization by boiling and filtering, as many investigators 
have shown In every mstance, however, in which serious symptoms 
of sickness develop and ultimately the animal dies, a damaged mucosa 
IS found at autopsy Study of this lesion shows it to be a destructive 
one The mucosa is more or less destroyed and all the evidence is 
present that there is a bacterial inflammation in the intestinal wall 
The severity of the symptoms vanes directly and the length of life 
inversely with the extent of this damage It is just as certain an 
inference that some poison is absorbed under these ciicumstances as 
any other of the many infective inflammatory lesions which we recognize 
as being the 'source of a toxemia, even though a bacteriemia is absent 

There are two points to be explamed in comparing the high and 
low obstruction First, why do the animals with the latter vomit a less 
quantity^ Second, why cannot all the dogs with a low obstruction be 
kept alive by the administration of saline solution^ 

The vomitus is reduced in the low obstruction because there is a 
long surface of intestine through which absorption takes place Simi- 
larly the dogs are less desiccated because the water content of the bile, 
gastric and intestinal juices reenter the body On the other hand, 
there is practically no absorbing surface available for this purpose in 
the high obstructions, and the distance backward into the stomach 
being short, the latter organ rapidly fills and vomiting is imperative and 
almost incessant 

The explanation of the inability to save life in low obstruction is 
found m the mechanical conditions which exist The small intestine 
above the obstruction becomes distended, and following this, kinking 
and tension on the mesentery develops In this way there are areas 
in which severe circulatory disturbance is present, resulting in the very 
changes which we have found will cause death and which are uninflu- 
enced by the administration of saline subcutaneously 

The results of our investigations of intestinal obstructions mav be 
summarized as follows 
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1 There are two factors at woik m producing the symptoms and 
causing death in this condition. 

First, the loss of water from the tissues, due to the excessive drain 
mto the bowel m response to the irritation set up by the letamed secie- 
tions This water may be replaced by subcutaneous injection of noimal 
saline solution, and the symptoms caused are thus entiiely controlled, 
with a saving of life 

Second, the entrance into the circulation of poisonous materials, 
which occurs only when the mueosa of the bowel is damaged This 
damage lesulis largely from the trauma inflicted by the overdistention 
acting on the circulation, but possibly also by the chemical action of the 
digestive ferments stagnated above the obstiuction Such a damage 
having resulted, there occurs a bacterial mvasion into the bowel wall 
with a death of tissue cells (which is invariably demonstrable by micro- 
scopical examination), and in this process the poisonous substances 
are elaborated The action of these poisons is apparently not influenced 
by the admmistration of saline subcutaneously 

The absorption of a poison from any source whatsoever, so long as 
the mucosa remains intact, is not a factor 

2 The development of a bacteiiemia as a cause of death is excluded 

OLIXIC.VL APPLICATION 

It is not always safe to tiansfer the findings of experimental work 
to clmical practice, and as yet we have had no extended opportunity 
to apply the teachmg of our investigations to the bedside There are 
certam applications, however, which seem justified It has always been 
a matter of speculation why high intestinal obstruction in man is so 
much more acute than low obstruction Tlie explanation is found in the 
fact that water absorption is entirely stopped m the first, and in addition, 
enormous amounts of watei aie thrown out in the vomitus almost as 
soon as the obstruction occurs A rapid desiccation takes place, and with 
it a severely damaged metabolism, as shown by the deranged uiine out- 
put These conditions obtain much moie gi adually when the obstruction 
IS low in the bowel Another factor is also found in the sudden 
enormous duodenal and gastric distention which mechanically damages 
the mueosa 

It IS a familiar observation that a chronic obstruction may take 
place in the bowel and progress until the opening is only pin-pomt in 
size, yet no serious symptoms aiise, even though there may be for many 
days cessation of fecal passage from the bowels When, however, a 
complete closure supervenes, there arises immediate evidence of a severe 
condition The well-known symptoms of acute intestinal obstruction 
are manifest The explanation of this is found in the fact that so long 
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as gas can escape through the constriction, there is no distention of the 
intestine, and hence no damage to the intestinal ■wall, and no absoiption 
of poisonous materials The stoppage of gas, however, is immediately 
followed by both these conditions, and unless piomptly relieved ivill 
result fatally The practical application of the principles elaborated 
by the experimental work follows two lines First, the water extracted 
from the tissues by the enormous outpouring into the bowel must be 
replaced This can easily be done by means of a continuous hypodermo- 
cl}sis administered under the skin in the pectoral region by use of 
needles of the ordinary hypodermic caliber, but longer In this way 
the fluid IS absorbed almost as lapidly as it enters, 1 or 3 liters being 
given without 'uithdi awing the needles The absorption will continue 
until the normal water content of the tissues is reestablished Since, 
howeier, this has no influence on the symptoms resulting from a dam- 
aged intestinal wall, it is imperative to relieve the obstruction surgically 
as early as it is discovered A second point of practical importance is 
derived from our experiments, that is, an answer to the question as to 
the advisability of opening the bowel, and either temporarily or per- 
manently draining off the contents Whenever there has resulted from 
the obstruction any considerable damage to the bowel wall above the 
eoiistricted point, by reason of distention and circulatory changes, there 
IS danger of serious symptoms arising from the absorption of materials 
resulting from these changes Theiefoie, in the presence of such 
changes, the more rapid emptying of the bowel through an enterostomy 
than through the normal path, after relieving the obstruction, may 
be a wise thing to do Whether the drainage of the intestine shall he 
made to continue after primarily emptying as much as may he possible 
of the distended bouel depends on the extent of the damage done If 
this is gieat in amount, it may be advisable to establish an enterostomy, 
because there will be some farther accumulation of the poisons which 
■viill be absorbed unless there is a free exit for them Such an enteros- 
tomy ■will be necessary if the contents of the bowel above the obstruction 
are blood-tinged, demonstrating a damage to the bowel wall If it is 
siniplj, fluid feces, the rapidly returning peristalsis, after the obstruction 
IS released, will force the contents onward, and there will be no danger 
of poisonous absorption when once it gets into normal bowel below the 
obstruction, because the mucosa here possesses a defense against such 
absorption 

We desire to express our thanks to Drs Elser, Benedict, Ening and Lusk 
of the Cornell University hledical College who gave us many valuable sugges- 
tions and material aid in parts of the work here presented 

27 East Sixty-Third Street — 40 East Forty First Street — 55 East Sixtv-First 
Street 



THE CLASSIPICATIOH OF AMEBAS 


WITH OBSERVATIONS ON 5IORPHOLOGY AND LIFE CYCLE OE ENTAMOEBA 
COLI, CRAIGIA HOMINIS AND VAHLKAMPriA LOBOSPINOSA * 

CHARLES E CRAIG, U D 

FORT LEAVENWORTH, KAN 

Eecent obseivations on tlie inoipliologj' of tlie amebas enconnteied in 
the human intestine, and on tlieii life cycle, ha^e shoivn conclusnely 
that there are two species of entamebas parasitic in the intestine of 
man, JEniamoeha InsioJyiica and Eniamocha coh, and that in laie 
instances species belonging to the genus Vahllampfia, normallj^ free 
living, majf lead a semiparasitic existence in the human intestine for a 
longer or shorter period of time In view of these facts it has been 
necessar}' to reuse our classification of amebas and in the following 
contribution I haie adopted Calkins’ classification and haie lecoided the 
latest observations on E coh, Oratgta hoimms and Vahllampfia loho- 
spinosa If some of the statements contained in the papei appeal some- 
vliat dogmatic I can only plead m excuse the fact that they aie peisonal 
opinions based on years of careful study of the oigani'^ms in question 

CL VSSiriCATION AND NOMl NCLATURE 

It would be of little inteiest to decciibe the efloit^ made at the classi- 
fication of the amebas occuiiing in man prioi to the leseaiches of 
Schaudinn In 1903^ he divided these oiganisms into two species, 
E histolytica and E coh At piescnt several clas'^ifications aie adiocated 
by different authoiities and it is difficult to select that which is accepted 
by the greatest numbei of piotozooiogist« The work of ^Musgiave and 
Clegg' on the cultnation of amebas fioin man eaily made it evident that 
amebas occur in the intestine and in the teces, as well as in the pus of 
liver abscesses, that vere not identical with eitbei E Instohjtica or 
E coh^ and their conclusion that these cultivated amebas could cause 
dysenteiy resulted in the gieatest confusion in classification and nomen- 

^ Submitted for publication March 3, 1914 

^ From the Department Laboiatory, Central Department, U S Army 

1 Schaudinn, F Untersuchungen ileber die Fortpflanzung einiger Rhizo- 
poden, Arb a d k Gsndlitsamte, 1903, xiv, 547 

2 Musgrave, W E , and Clegg, M T Amebas Their Cultivation and Eti- 
ologic Significance, Bull Govt Lab , Biolog Lab , Manila, 1904, 18 
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clature The work of Hartmann^ and Whitmoie,^ as well as that of 
many other investigators, in proving that these cultivated amebas are not 
entamebas at all and have nothing to do with the production of dysentery, 
has resulted in a clearer conception of the entire question of classification 
of the paiasitic amebas, or entamebas, and their relation to infection 
and the production of disease 

At present it is admitted that the old genus Amoeba should be split 
into seveial genera, some of these living free in nature, while others are 
either partly or wholly paiasitie in their life habits It is also recognized 
that some of the free-living forms frequently contaminate the food of 
man and thus reach the intestinal canal, where they may be demonstrated 
in the feces, generally in the encysted stage of development, but some- 
times as vegetative forms, and it is believed that certain of these fiee- 
living species may actually become temporary parasites of man or other 
animals The amebas that have been cultivated from the feces belong 
to these free-living species, and have either reached the feces through 
being sv allowed in infected food or water, or by aerial contamination 
These species differ entirely from the entamebas both in morphology and 
life history Although under the action of certain stimulins in aitificial 
culture-mediums these organisms may show developmental stages similar 
to those observed in entamebas, and their morphology may become maik- 
edly modified, as proved by Calkins and Williams,® a careful study of 
these modified organisms will show that, after all, the nuclear structure 
IS quite different from that of either E histolytica or E coli, and that 
there is no reason to believe that the latter species ever are transformed 
into the free-living species That the genus Vahllampfia contains species 
that can be cultivated from the intestine or feces of man is undoubted, 
and that under cultivation these species may undergo marked modifica- 
tions in morphology and life history is true, but that they are identical 
with true entamebas is disproved by the observations of nearly all 
authorities who have worked with both genera 

The modern classification of amebas has been attempted by many 
protozoologists, and Chatton,® Ales.eieff,'^ Doflein,® and Hartmann® have 
each proposed classifications that possess advantages In this paper, 

3 Hartimnn, M Article “Die Dysenteric Amoeben’* in Von Prowazek’s 
Hmdbuch der Pathogenen Protozoen, 1912, i, 51 

4 Whitmore, E R Parasitaire und Preilebende Amoeben aiis Manila und 
Saigon, etc. Arch f Protistenk, 1911, x\iii, 71 

5 Williams, Anna, and Calkins, G N Cultural Amoebae, a Study in Varia- 
tion, Jour Med Research, 1913, \\i\, 43 

C Chatton, E , and Lalung Bonnaire, P Amibe Umax: (Vahlkampfia n gen ) 
dans I’lntcstin humaine. Bull Soc path exot, 1912, v, 13 

7 Alexeieff, A Sur les caraetBres eytoligiques et la syst^matique des 
amibes dll groupe Limax, Bull Soc zool de Prance, 1912, v, 55 

8 Doflein, P Lehrbuch der Proto/oenkunde edit 3, 1911, p 560 
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however, I shall follow the clasification adopted by Calkins,® because I 
believe it to be the most logical at the present stage of oui knowledge 
of the amebas It must be remembered, however, that any classification, 
at present, must be purely tentative until the life cycle of every organism 
contained in it is known, and this is true of only a very few of the 
so-called species of amebas It should, therefore, be clearly understood, 
that while I adopt for the present the classification of Calkins, and while 
I shall list all described species of amebas under their respective genera 
in this classification, I believe that in time it will have to be changed, 
and that many of the described species will eventually be found to be 
identical with those better known 

Calkins divides the old genus Amoeba into seven genera, as follows 
Amoeba, Vahllampfia, Nagleua, Paramoeba, Craigia, Trvmashgamoeba, 
and Entamoeba Of these seven genera the only ones of interest to us 
in our discussion of the parasitic amebas of man are VahlJcampfia, 
Cratgia, Tnma^Ugamoeba and Entamoeba 

Genus Vahllampfia, Chatton, 1912 Chatton established this genus 
in 1912, as containing certain small amebas originally classed in the 
genus Amoeba under the so-called limax type, and excluding organisms 
having a flagellate stage of existence 

Amebas of this genus are characterized by the presence in each of 
one or more nuclei and one or more contractile vacuoles They divide 
bj simple division or a primitive form of mitosis, forming a uninucleate 
cyst Under certain abnormal cultuial conditions the cyst may contain 
more than one nucleus, and marked morphological changes may occur 
in the nucleus (Ciaig) The nucleus in the vegetative stage contains a 
\ery large kaiyosome which sometimes shows a distinct centiiole Hab- 
itat water, eaith, and occasionally in man oi other animals 
The following species are included in this genus 

VahlLampfia Umax, Dujardm, 1841, habitat, fresh water 

lahlLampfia guiUila Dujardm, 1841, habitat, pond water 

TaMhampfia pohjpodm, Schultz, 1875, habitat, pond water 

Vahllampfia Imudeata, Gruber, 1884, habitat, pond water 

1 alillampfia diploidca Hartmann and Nagler, 1908, habitat, garden earth 

Vahllampfia albida, Nagler, 1909, habitat, garden earth 

Vahllampfia horhcola, Nagler, 1909, habitat, gaiden earth 

Vahllampfia lacustus, Nagler, 1909, habitat, fresh nater 

Vahllampfia froscht, Hartmann, 1907, habitat, fresh watei 

Vahllampfia laceriae, Hartmann, 1907, habitat, in intestine of lizards 

V ahllampfia vmcicola, Chatton, 1909, habitat, ectoparasitic on fish 

Vahllampfia paedopMhoia, Caullery, 1910, habitat, eggs and embryos, crabs 

VAhllamiifia laclnjpodta, Glaser, 1912, habitat pond-water 

Vahllampfia lamclhpodxa, Glasei, 1912, habitat, pond-water 

lahllampfia lohospxnosa, Craig, 1912, habitat, ditch watei 

I ahllampfi m wlntmoxei, Hartmann, 1913, habitat, swamp nater 

Genera and Species of Amoeba, Tr Fifteenth Internet 
Cong Hrg and Demog, 1912, ii, 287 
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While most of the species so far desciibed m this genus are free living, 
theie IS excellent evidence on lecord that some of them may become 
parasitic under certain conditions Of those mentioned in the list, the 
one described by Haitmann as ValilJcampfia laccrtae is certainly a 
paiasitic species, as are Y mnctcoJa and Y pacdopliihoia Several 
observers have already noted the occurience of typical Yalillcampfiae m 
the feces of man in both the vegetative and cystic stages of development, 
when the question of outside contamination could be eliminated I have 
seen some beautiful preparations containing a tj'pical Yalillcampfia 
obtained by Di W M James from the feces of a patient observed at 
Panama The organisms aie in both the vegetative and cystic stages 
of development and were observed ovei a considerable period of time, so 
that the question of contamination of the feces was ruled out It is inter- 
esting to observe that these amebas were easily distinguishable from either 
E Imtolytica oi E coh in both the vegetative and encysted stages of 
development 

It is probable that nearly all species of Yalillcampfia may be cultivated 
on artificial mediums, and it is this fact that has gnen use to so much 
confusion regarding the cultivation of the true parasitic amebas These 
organisms fiequently contaminate fecal oi othei mateiial derived from 
patients suffering from entainebic dysenteiy, and may thus be obtained 
in cultures Amebas belonging to this genus have been cultivated by 
many observers, notably Musgiaie and Clcgg,=^ in impure cultuie, and by 
Williams^® in pure cultuie, but the claims made by these investigators 
that the amebas so cultivated are identical with the tine entamebas are 
unsupported by any adequate evidence It is now admitted by all com- 
petent observers that neither E Imiolyiica noi E coh has been cultivated 

The YaliRampfia named in the above list as Yahllampfia lohospinosa 
IS a true free-living ameba that was first cultivated by Musgrave and 
Clegg from the feces of a dysentery patient It has since been obtained 
in pure culture by Williams This organism, as shown by Calkins and 
Williams,® when growing in pure culture, undergoes marked moipho- 
logical and cyclical changes m response to certain cultural conditions, 
but in the human feces it possesses the moiphology of a tine Yalillcampfiaj 
and even in the cultures is not indistinguishable from the entamebas 
found in man, as is well shown in the photomicrogiaphs accompanying 
the paper by these observers This species has been under cultivation for 
several years, and the cysts have been found to resist drying for over 
one year, a fact that alone proves it to be entirely distinct from the 
entamebas of the intestine of man, foi all the evidence of recent researches 

10 Williams, Anna Pure Cultures of Amoebae Found in Intestines of Ani- 
mals, Studies Research Lab , New York Board of Health, 1912, vi, 298 
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proves that the cysts of these entameoas have compaiatively little resis- 
tance 

"While, as has been stated, species belonging to this genus have been 
observed apparently parasitic in man, and while, in some cases, they 
may be cultivated fioin the feces, the pus of Iner abscesses, and other 
sources, there is no evidence that demonstrates that they are pathogenic 
or that they can live for any considerable time within the human intes- 
tine In the vast majoiity of instances they leacli the material fiom 
which they are cultivated fiom the air, as pio\ed by Liston^^ and Wells,^- 
or by passing thiough the intestinal canal in contaminated food oi water, 
generallj'’ in the encysted condition It is tiue that, in rare instances, 
species of Vahllampfia may become parasitic for a short time in the 
human intestine, but this is lealty an abnoimal mode of existence, no 
symptoms of disease aie piodueed, and they may be easily distinguished 
from the tiue entamebas by the large nuclear kaiyosome, the uninucleate 
cyst, and the piesence of at least one contiactile vacuole Their piesence 
in the intestine is chiefly of interest from the point of \ lew of evolution, 
as indicating the possible oiigiii of the tiue paiasitic amebas 

Genus Ciaxgxa, Calkins, 1912 In 1912 Calkins® established the genus 
Cimgxa to include the ameba described by myself undei the name Paxa- 
nioeba homxnxs, in 1906 This ameba was originally placed in the genus 
Pax amoeba because of its resemblance to Schaudiun's Pax amoeba exlliaxdx, 
but Calkins has shown that it should be placed in a new genus, an opinion 
previously expiessed by Doflein ® 

The t}pe-species of this genus is Cxaxgia lioxnxxixs {Pax amoeba liomi- 
nxs) a jiarasitic amelia that I have observed in tvelve patients suffeiing 
from a chionic form of diarrhea It is chaiacteiized by a nucleus, an 
accessoiy nucleai body, and bj an ameboid and flagellate stage of devel- 
opment Multiplication occurs in the ameboid stage by simple division 
and by the foimation of c 3 ’-sts containing numeious minute flagellated 
oiganisms In the flagellate stage of development multiplication occuis 
by longitudinal diMsion, pieceded by division of the accessoiy body and 
the nucleus Habitat, the intestine of man 

The following species aie included in tins genus 

Craigia hoimnis, Craig, 190G, emend Calkins, 1912 

Cratgia ptgmenHfeia, Grassi, 1881, habitat, bod> cavitv of ChaetognatJn 

Craigia cliaetognathi, Giassi, 1881, habitat, body cavity of Chaetognatin 

It IS inteiesting to note that all of the species so fai desciibed for 
this genus aie parasitic, Cxaxgxa liomtnxs being paiasitic in man, while 

11 Liston, W Glen A Note on Early Stages of Nuclear Division, Qinit Jour 
Micr Sc , 1911, Ivii, 279 

12 Wells, R T Aerial Contaminations as a Fallacy in the Study of Amoebic 
Infections by Cultural Methods, Parasitology, 1911, iv, 204 



Fig 2 — ^Preeystic and cystic form of Eniamela coh^ from photomicrographs X 1,200, A, precystic form 
in which the nucleus is more than usually typical, li, division of the karjosome into two poitions, C, precystic 
form showing change in type of nucleus and slight elongation of karyosome, D, precystic form containing 
yeast cells, E, typical cyst showing nucleus in which the karyosome has apparently divided, F, very large 
cyst showing large vacuole and nucleus in which the karyosome has elongated preparatory to division, 
<?, cyst containing six nuclei, eight w'ere present but two are out of focus, H. cyst containing three 
definite nuclei Four were present, but one does not show as it lies out of focus 
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Grmgia pigmentifei a and Giaigta chaetogiiatla are both parasitic in cer- 
tain species of marine worms 

This genus is of considerable inteiest to the physician^ as it contains 
a species which, duiing the ameboid stage, may be easily confused, by 
one unfamiliar with the protozoa of the intestine, with amebas belonging 
to the genus Yahlhampfia oi Entamoeba, and in the flagellate stage with 
Ti icliomoms Jiomims or othei intestinal flagellates This mistake, how- 
evei, could never be made bj’- any one well acquainted with the mor- 
phology of the parasites mentioned 

Genus TnmasUgamocba, Whitmoie, 1911 Whitmoie^® established 
this genus, in 1911, to include an ameba isolated by himself in cultures 
from tap-water, in Manila The type-species is Tumastigamoeba plalip- 
pinensis, and is chaiacteiized hy a nucleus of the limax type, a contractile 
vacuole, and the occurience, under ceitam conditions, of flagellate forms 
having three equal flagella The species is easil} cultivated on suitable 
mediums, and is the only one so far placed in the genus This ameba is 
of inteiest to ph 3 sicians, because it may contaminate fecal oi other 
material from human sources and appeal in cultures piepaied from such 
material There is no evidence that this species occuis as a paiasite in 
man or othei animals 

Genus Entamoeba, Leidy, 1879 This genus, which contains most of 
the parasitic amebas of man and other animals, was established in 1879 
by Joseph Leidy who used the spelling Endamoeba in the description 
of the genus The type-species is Entamoeba blattae, a parasite of the 
cockroach Casagrandi and Barbagallo,^® in 1897, unaware of Leidy’s 
genus Endamoeba, established for the parasitic amebas the genus Ent- 
amoeba, and this is the spelling employed at piesent 

The generic chaiacters are as folloivs Size comparatively small, from 
5 to 80 microns Ectoplasm and endoplasm distinct when the organisms 
are moving and often when motionless, contractile vacuole generally 
absent, nucleus wath definite kaiyosome and centriole; nuclear division 
mesomitotic and mitotic, repi eduction by simple division, schizogony, 
and cyst formation witli the production of seveial amebas wathin the 
cyst Habitat, the body of man or other animals, geneially in the diges- 
tive tract The genus contains only parasitic species, some of ivhich are 
pathogenic, but most live merely as commensals in the intestine of their 
host Hone of the species have been artificially cultivated 

13 Whitmoie, E R Studien uber Kultui amoeben aus Manila, Aich f 
Protistenk , 1911, •sjmii, 81 

14 Leidy, Joseph Fresh Water Ehizopods of North America, Rep U S Geol 
Surv, Washington, 1879, xii, 1 

15 Casagrandi, 0 G , and Barbagallo, P Richerche biologiche e cliniche 
Bull’ Amoeba coli\, Boll d Accad Gioenia di sc nat in Catalonia, n s , 1895, 
xxxix, 4 
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A veiy laige Biimbei of species of amebas have been placed in tins 
genus, and new species aie being discovered almost monthly, but, as I 
have alieady statei furthei studi will piove many of these to be identical 
uith species alieadi studied I have placed in the list that follows, how- 
ever, all the species lepoits of which I have been able to collect in the 
liteiatuie, but I have indicated those identified with othei species The 
list is aiianged alphabetically, and the name of the host follows that of 
the paiasite 

Eniamoeha afjwana, Ilnitnmiin, 1007, identical vitli Eniamocha histolytica j 
host, man 

Entamoeha hlattac, Lcidy 1870, host, cockroach 
Eniamocha autasionu, Noller, 1012, host, eagle 
Eniamocha hotis, Liebctaii?, 1905, host, cattle 
Entamoeha hiasihcnsts, Baiircpairc Aragao, 1012, host, man 
Eniamocha huccahs ^on Pioiia/ek, 1007, host, man 
Eniamoeha huischlu, von Prowazek 1012, host, man 
Eniamocha cohayac, Walker, 1008, host, gninca-pig 
Eniamocha coh, Loesch, emend Schaudinn 1003, host inaii 
Eniamocha dentahs, Braun, 1883, identical with E huccahs, host, man 
Eniamocha duhoscqi, Mathias, 1013 emend Craig, 1013, host, monkej’ 
Eniamocha dyscniciiac Councilman and Lafleur, emend Craig, 1005, iden- 
tical vith E histolytica , host, man 

Eniamocha gingitaUs, Braun, 1805, identical vith E buccalis, host, man 
Eniamocha liar tmanni, ion Prona/ck, 1012 host, man 
Eniamocha histolytica, Schaudinn, 1903, host, man 
Eniamocha intcsiinahs. Walker, 1008, host, cat 
Eniamocha haiiuhst, Doflcin, 1001, host, man 

Eniamocha laceitae, Hartmann, 1007, identical nith ^ ahlhampfia laceiiae, 
host, li/ard 

Eniamoeha lagopidis, Panthain 1010, host, moor hen 
Eniamoeha Icgcn, Mathias, 1913, emend Craig, 1014, host, monkey 
Eniamocha maxtUaiis, Kartulis, lOOG identical vith E laituhsi, host, man 
Eniamocha minuia, Elmassian, 1000, identical with E histolytica , host, man 
Eniamoeha miitiai, Ijima, 1808 host, man 

Entamoeha moi iinaiahum. Smith and Wcidman, 1010, host, man 
Entamoeha miiris, Giassi, 1881, host, mouse 

Entamoeha nippomca, Koulzumi, 1000, identical nitli E coh, host, man 

Eniamocha nnitalh, Castellam, 1908 host, monkey 

Eniamocha phagocytoides, Gauduchcaii, 1007, host, man 

Entamoeha pithcci, von Prowazek, 1912, host, monkey 

Entamoeha polecLi, von Prowa/ek, 1012, host, smne and man 

Entamoeha pulmonahs, Artault, 1808, host, man 

Entamoeha ranarum, Grassi, 1879, host, fiog 

Entamoeha salpac AleveiefT, 1012, host, fish 

Entamoeha schaudinni, Lesage, 1908, host, man 

Entamoeha svis, Hartmann, liost, snine 

Entamoeha testudinis, Hartmann, 1010, host, tuitle 

Entamoeha tetragena, Vicieck, 1007, identical with E. histolytica, host, man 
Eniamoeha tropicahs, Lesage, 1908, identical with E colt, host, man 
Entamoeha undulans, Castellam, 1904, host, man 
Entamoeha urogemtalis, Baelz, 1883, host, man 
Entamoeha williamst, von Prowazek, 1911, host, man 

It IS rtioie than probable that at least two-thnds of these species here 
given as parasitic in man are not valid species, but, as I have not had 
the opportunity of studying them, I include in the list all of the species 
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of entamebas that have been described Of these, however, theie are 
realty onty two species that are of great interest to the physician , that is, 
E ImtolyUca and E cohj the foimer is the common pathogenic species 
cansing entamebic dysenteiy and liver abscess in man, while the lattei is 
a harmless commensal, found in a vaiving, but usually large pioportion 
of healthj'^, as well as diseased individuals, in almost every part of the 
world 

A woid of explanation is necessary in regaid to the classification of 
the so-called E ietiagem This entameba was fiist described by Yieieck,^® 
in 1907, as a distinct species causing d}senteiY m man, and his obsei ra- 
tions were quicklv confirmed by Haitmann® and Prowazek, Whitmore,^' 
and myself,^® but lecent lesearehes have pioved conclusively that this 
species IS leally identical vith E hsiolytica, a portion of the life cycle 
of the latter species having been eironeously desciibed by Schaudinn and 
his followeis, and fiist coiiectly described by Viereck in Ins desciiption 
of E tetiagena It tbeiefore follows that tetragena ceases to exist as a 
distinct species and the name must be eliminated fiom our nomenclatuie 

It has also been shown that E mvniia is identical with ImtolyUca 
and that E mppomca and E Uopicahs are identical vith E colt, so that 
these three names also should be eliminated as specific names of 
entamebas 

Since the discover} that A' ic^ra^eno was identical v itli A" Imtolyhca, 
the ciedit for which belongs to Walker,^® neaily all students of the sub- 
ject who have had sufficient mateiial on which to woik are agreed that 
two well-defined species of entamebas occui in the intestine of man 
Since 1905 I have consistently maintained the specificity of these two 
entamebas, that is, E ImtolyUca and E coh, and in my first paper,-® 
and since have insisted that it is possible to differentiate them in piac- 
tically every case of infection Manj^ observers have confirmed my con- 
clusions, but the recent woik of Walkei and Sellards"^ has conclusively 
proved my statements legaiding the pathogenic natuie of ImtolyUca and 
the non-pathogenicity of coh, and also my conclusions regaidmg the lack 
of identit}'- of cultuial amebas and those parasitic in man By experi- 

16 Viereck, H Studien uber die in den Tropen erworbene Dysenteric, Arch 
f Schiffs u Tropen Hyg , 1907, ii, 1 

17 Whitmore, E E Parasitaire und freilebende Amoeben aus Manila imd 
Saigon, Arch f Protistenk , 1911, xxiii, 71 

18 Craig, Charles E Entamoeba Tetragena as a Cause of Dysentery in the 
Philippine Islands, The Archia^es Int Med, 1911, vii, 362 

19 Walker, EL A Compaiative Study of the Amoebae of the Manila Water 
Supply, etc, Philippine Jour Sc, Med Sec, 1911, vi, 259 

20 Craig, Chailes F Observations Upon Amebas Infecting the Human Intes 
tine, with a Description of Tavo Species, Entamoeba Coh and Entamoeba Dysen- 
teriae. Am Med , Philadelphia, 1905, ix, 854, 897 and 936 

21 Walkei, E L, and Sellaids, A W Experimental Entamoebic Dysentery, 
Philippine Jour of Sc, Sec B, Trop Med, 1913, viii, 253 
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ments on man these authois have proved that the amehas that can be 
cultivated from water, from the feces of man and other animals, and 
from othei souices, aie incapable, when ingested, of pioducing lesions in 
man, and that they are not entamebas but free-living araebas which do 
not produce dysenteiy, vhile, as alieady stated, then experiments prove 



Fig 3 — Giatgia liommis, from ficncil drawings, X 1,200 A, typical oigan- 
ism in amebic stage (note structure of nucleus and accessoiy nuclear body) , 
B) absence of accessoiy nuclear body and different type of nucleus, C, cyst show- 
ing one nucleus, D, cyst showing granular appearance of cytoplasm and the 
presence of numerous nuclei, E, young flagellate form, F, fully developed flagel- 
late form (jN^ote absence of undulating membane, the single flagellum, the 
nucleus, and accessory nuclear body) , O, dividing flagellated form the flagellum 
being partly divided, while the nucleus and accessoiy nuclear bodj’' have divided, 
H, flagellate form after loss of flagellum and 3 Ust before becoming ameboid 

that E hisiolytica pi odnees dysenteiy in man, and E coh is a harmless 
commensal in the human intestine While all of the essential points 
covered m Walkei and Sellard’s woik have been previously proved by 
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expel inients on the lower animals, then results possess the very great 
advantage of having been worked out on man, the natural host of lixsto- 
lyUca and coh, and, in my opinion, settle for all time the question of the 
relation of parasitic and cultural amebas to disease in man 

At present a considerable amount of controversy has arisen regarding 
the proper name for the common dysentery-producing entameba, usually 
known as E Jmtolytica The name teiiagena must be dropped as a 
specific name, although it may be used to designate the type of nucleus 
present during certain developmental stages of Imtolytica This con- 
clusion IS admitted by nearly all protozoologists , but Dofiein and Hart- 
mann favor substituting the specific name dysentenae for Instolyhca, 
this name having been first proposed for the dysentery entameba by 
Councilman and Lafieur This is not a new proposition, foi in 1905^** 
I suggested that the name dysenieriae be given this entameba, but, as 
Stiles latei showed that this name was merely a synonym of coh, and as 
Schaudinn had already used coh as the specific name for the harmless 
entameba of man, I adopted his name, E Imtolytica, for the pathogenic 
species 

While it IS undoubtedly true that Councilman and Lafieur described 
E Imtolytica in part in their exhaustive work on entamebic djsentery, 
it IS perfectly evident to any one vho studies their description carefully 
that they confused this parasite with the harmless E coh, and failed to 
differentiate between the pathogenic and harmless entamebas or to give 
morphological data sufficient to enable such a differentiation to be made 
by other workers In view of these facts and the fact that Schaudinn did 
differentiate the two species mentioned, I am convinced that, if we are 
to be consistent in our nomenclatuial rules, the name E Imtolytica, given 
by him to the pathogenic species, must be letained The name dysen- 
teriae is a much more descriptive and appropriate name, but if we are 
to be true to the accepted rules of nomenclature it cannot justly be 
applied to the entameba now known as E Imtolytica 

OBSERVATION ON E COLI, LOESCH, 1875 , EMEND SCHAUDINN, 1903 

It was long known that amebas weie frequently present in the feces 
of healthy persons and in those of patients suffering from other diseases 
than dysentery, Grassi** being one of the first to describe these amebas 
His work was followed bj that of Calandruccio,*® Sehuberg,*^ Strong and 

22 Grassi, 6 B Dei Protozoi parasiti e specialmente di quelh che sons 
neir uomo, Gaz Med ital , Lombardie, 1879, xxmv, 445 

23 Calandruecio, S Animali parasiti dell’ uomo in Sicilia, Atti d Accad 
Gioenia di sc nat in Catania, 1889, Kvi, 95 

24 Scliuberg, A Die parasitischen Amoeben des menschlichen Darmes, 
Centralbl f Baktenol , 1893, mu, 598, 654 and 701 
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MiTsgrave,^® and Casagrandi aiid Barbagallo In 1903, Scliaudinn^ 
accurately described tins entameba, and Ins obseivations were confirmed 
by myself in 1905 =® Important iiapeis dealing uith tins paiasite have 
since appeared by Werner=‘ and Haitmann and Wlntmore =® 

Several observeis since Scliaiidinn have described as new specie'? 
entamebas occiniing in health}, as veil as diseased individuals, that 
answer closel} to the description of E coh Among these may be men- 
tioned E hopicahs, deseiibed b} Lesage^® m 1908, E nippomca, 
described b} Koidzumi®® in 1909, and E wilhamsi, desciibed by von 
Prouazek®^ in 1911 Eeceiil obseivations liave shoun that all these 
so-called species are identical uith E coh, and it is piobable that some 
other species of enturaebas that ha\e been desciibed in the intestine of 
man are also identical uith tins parasite 

The recognition of this species is of great importance because of its 
vorld-wide distribution, the fact that it is a hainiless parasite, and the 
possibility of confusing it ivith the pathogenic E InstohjUca Oiii sta- 
tistics of the actual occurrence of entamebic d}senteiy in all parts of the 
vorld are gieatly vitiated by tlie non-recognition of this liaimless species, 
many authoiities making a diagnosis of entamebic dysenter} whenever 
an ameba was found in the stools, without legaid to the species present 
It IS now evident that a diagnosis of entamebic d^ senteiy based on any- 
thing less than the recognition of E hisiohjUca in the feces cannot bo 
considered as authentic, and if this test had been applied to the diagnosis 
of the disease in the past it is piobable tliat our conceptions of its fie- 
quency in certain localities would be greatly modified 

E coh has a very wide geographical distribution, being most fre- 
quently observed in tiopical and subtiopical legions, but being b} no 
means infrequent in the temper ate zones In discussing the relation of 
this organism to disease the distribution will be more fully considered, 
but it may be stated here that it has been found uheieiei determined 
efforts have been made to demonstrate it, and tins fact makes its recog- 
nition of prime importance in the discussion of entamebic infection 

25 Strong, E T , and Mnsgrave, W E Proliminarj Koto Regarding the 
Etiology of the Dysenteries of ^Manila, Rep Surg Gen U S Army, 1900, p 251 

26 Craig, Charles E Observations Upon Amoebae Infecting the Iliiman 
Intestine, Etc , Am Med , Philadelphia, 1905, ix, 854, 897 and 936 

27 Werner, H Entamoeba Coli, Handbuch der path Proto/oen, von Pro- 
wazek, i, 67 

28 Hartmann, M , and Whitmore, E R Untci suchiingen iibei Parasitische 
Amoeben Entamoeba coli. Arch f Protistenk , 1912, xxiv, 182 

29 Lesage, A Culture de I’amibe de la dysenterie des pays chauds, Ann 
de, I’Inst Pasteur, 1909, xviii, 9 , Bull Soc de path Exot , 1908, v, 104 

30 Koidzumi, M On a New Parasitic Amoeba, Entamoeba Nippomca, found 
in the Intestine of Japanese, Centralbl f Bakteriol , Orig, 1909, li, 650 

31 Von Prowazek, S Beitrage zur Entamoeba Frage (Entamoeba williamsi). 
Arch f Piotistenk, 1911, xxii, 345 
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Morphology — Like E histolytica, this species vanes greatly in mor- 
phology at different stages in its life cycle, and this cycle may also he 
divided into the vegetative stage, the precystic stage and the cystic stage, 
in each of ■which a desciiption of the special morphology is necessary. 
Morphology in the Vegetative Stage — In this stage of development 
E coll vanes greatly m size, very large and very small organisms being 
frequently observed in the same pieparation The living vegetative 
parasites vary from 15 to 50 micions in diameter, and rarely may be 
larger, but the average diametei is about 25 to 35 microns The cyto- 
plasm is divided into two portions, the ectoplasm and endoplasm, but the 
distinction is not possible save when the organisms are moving In this 
species the ectoplasm does not have the glass-like appearance of the 
ectoplasm of E histolytica, hut> approaches much moie closely to the 
endoplasm in appeal ance, so that even when moving the ectoplasm is 
not nearly as distinct in coli as it is in histolytica, a veiy valuable differ- 
ential point The cytoplasm contains a visible nucleus, appealing as a 
spherical body hounded by a refiaetile granular membiane and contain- 
ing granules or small masses of refractile chromatin, generally aiiahged 
as a well-marked karyosome The nucleus of this species, even in the 
living condition, appears laiger than does the tetiagena type of nucleus 
of E histolytica, and this is moie easily demonstrated in the living 
parasite The endoplasm appeals very granular and contains numerous 
vacuoles, bacteria, and crystals taken up from the feces In eontia- 
distinction to E histolytica, this parasite is not phagocytic foi led blood- 
eorjiuscles, even when the feces contain much blood, nor have 'I been able 
to demonstrate tins phenomenon by adding fresh blood to feces con- 
taining E coll, although phagocytosis of the blood-corpuscles may often 
be observed if blood be added to fecal mateiial containing E histolytica 
I have observed very rarely an entameba of this species with one or two 
red blood-coipuscles within the endoplasm, but I have never observed 
them filled with er 3 'throeytes as in the case of histolytica, and I believe 
that when this process does occur in coli it is purely accidental, while in 
histolytica it is a normal process in the nutrition of the organism At 
any rate, the point is of great value in the differentiation of the two 
species, for one is quite safe in regarding any entameba containing red 
blood-corpuscles as a pathogenic parasite, presumably E histolytica 
The motility of E coli, in the vegetative stage, is much less marked 
than that of E histolytica, although it may be quite active in the larger 
organisms in freshly voided feces To one who has had experience in the 
study of living specimens of both species, the difference in motility is 
very marked, E coli, even when most active, being sluggish in comparison 
with the average vegetative specimen of E histolytica The movement is 
also less progressive in character and more apt to be indefinite in 
direction 
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In stained preparations, (wet fixation and iron-liaematoxylm) 
during the vegetative stage of development, the cytoplasm stains a 
brownish or grayish color and appears granular in consistence, con- 
taming bacteiia, crystals, and generally a considerable number of 
vacuoles, but the most striking ob]ect is the nucleus, which m this 
species IS much larger than either the histolytica or tetiagena type of 
nucleus of F ImtolyUca, in the vast majority of organisms examined, 
and much richer in chromatin The nucleus is spheiical and situated 



Fig 4 — Vegetative forms of Talilhampfia Idbospinosa, from pencil drawings, 
X 1,200, A, shows large contractile vacuole near the nucleus, and typical nucleus 
(note the large, deeply staining karyosomc) , B, the contractile vacuole near the 
periphery of the cytoplasm, C, division of the nucleus, note the polar bodies and 
equatorial plate, D, nuclear division, B, organism containing yeast cells, note 
the granular appearance of the nuclear membrane, F, typical young cyst, (?, 
old cyst, note thick cyst wall which is folded in places, a very characteristic 
appearance of the old cysts, E, I, J, cysts, I and J, degenerated, the nucleus 
having disappeared, K, young organisms shortly after liberation from cyst 

Within the endoplasm The nuclear membrane is thick and stains 
intensely black with hematoxylin It is even thicker than the membrane 
of the tetragena type of nucleus in B histolyUca and presents on its 
inner surface granules, or more frequently, clumps of chromatin The 
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karjosome is situated at or neai the center of the nucleus and appears 
most frequently as a spherical mass of chromatin, stained almost black, 
and containing no u ell-defined centriole In some instances a centriole 
may be distinguished as a moie deeply staining dot of chromatin near the 
center of the karyosome In this species a certain series of cyclical 
changes occur in the nucleus, but they are not so pronounced as in the 
nucleus of E histolytica, when the tetiagena type is present It is noted 
that when there is a large, spherical, solid-appearing karyosome there is 
little evidence of a limn network oi of free chromatin within the nucleus, 
while the inner surface of the nuclear membrane is almost free from 
granules of chromatin, but when division of the karyosome occurs, this 
portion of the nucleus appears smaller and stains less intensely, while the 
linin network is more distinct, contains much chromatin in the form of 
small granule':, and large clumps of this substance may be observed on 
the inner surface of the nuclear membrane The large clumps of 
chromatin just mentioned are quite characteristic of this species, for I 
have never observed such large masses on the nuclear membranes of the 
pathogenic species 

Not infrequently specimens of E coh are observed undergoing simple 
division, and m stained prepaiation'; it is possible to study this process 
from the initial division of the centriole to the complete division of 
the nucleus Very fiequently organisms aie observed in which the 
karyosome consists of tvo deeply stained oval masses of chromatin situ- 
ated near the center of the nucleus oi near its peiipherjv these masses 
sometimes being connected by a diinlj' stained thread of chromatic 
substance More frequently the masses are apparently separate and 
either oval or spindle-shaped, while the interval between them appears 
dimly granular , but I have never observed any evidences of an equatorial 
plate Other organisms are observed in which the karyosome has dis- 
appeared and the inner suiface of the nuclear membrane is covered vith 
large, ii regular clumps of chromatin, the remainder of the nucleus 
being filled with fine, dimly staining granules, and still others are 
observed containing two well-developed nuclei, each showing the large, 
spherical, deeplj:^ stained karjusome characteristic of the nucleus of this 
species before the changes prior to division occur 

Besides the reproduction of the organism by division, Schaudinn 
described, in the vegetative stage of development of E coh, a process 
of schizogony, in which the parent entameba pioduced eight young 
entamebas I confirmed this observation and Hartmann and Whitmore-® 
liave published beautiful illustrations of vegetative organisms containing 
as many as six nuclei In my experience, this method of reproduction 
IS very rarely observed, but I am convinced that it occurs and that the 
organisms in which I have observed it were not in the cystic stage of 
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development Tlie piocess is initiated by an enlargement of tlie nucleus 
and a considerable increase in the amount of chromatin within it, the 
kaiyosome being indistinguishable Later the inner border of the 
nuclear membrane shows hemispheral masses of chromatin, ai ranged in 
a very regular manner, the remainder of the nucleus being entirely free 
of this substance. Organisms are observed containing from two to 
eight nuclei, each nucleus having a distmct nuclear membrane and a 
small, dot-like or granular appearing karyosome This method of lepio- 
duction has been questioned by several observeis, notably James, but, 
in my opinion, no other inteipretation can lie placed on these organisms 

Degenerative forms of E coli are frequent]} encountered during the 
vegetative stage of development, which may cause confusion in the 
diagnosis of the parasite In such organisms the nucleus may be 
invisible or distoited in appearance, and the cytoplasm may contain 
chromidia, as in E histolytica These organisms should not be con- 
sidered in making a diagnosis of the species of entameba present, for 
tjpical parasites will alwa}s be found in stained preparations if carefully 
seal died for, and the technic of staining has been correct 

In some preparations entamebas aie observed without a nucleus and 
free nuclei may be present m large numbers These free nuclei stain 
well and are typical m structure, and the exact significance of their 
occurrence is still in question This peculiar phenomenon was first 
called to my attention by James, uho sent me preparations containing 
many examples of anucleate entamebas and fiee nuclei, and I have no 
explanation to offer of then presence, beyond the suggestion that possibly 
they may be due to some change brought about in fixing the preparation 
or in smearing it on the slide I do not believe that the condition is 
due to degenerative changes, for the nuclei appear normal as do the 
anucleate entamebas 

The vegetative forms of E coh occur most typically in diarrheal 
stools or stools rendered liquid by some cathartic and, as this parasite 
IS not pathogenic in character, these forms aie seldom observed in the 
normal formed stools of the host, only the precystic oi cystic forms being 
found in semiformed or formed stools Dor this reason I have found 
that the administration of a cathaitic is essential if one desnes to 
study the typical vegetative stage of E coh, but inadvisable if one 
desires to study the precystic or cystic stage It is unfoitunate that the 
differentiation of E coh is of the greatest practical importance in }ust 
the class of cases in which the vegetative forms occur, that is, in cases 
showing diairhea, for the vegetative forms are much harder to differ- 
entiate from the vegetative forms of E histolytica than are the cysts of 
the two species 
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Morphology in the Pre-Cystic Stage — In semifluid stools the pre- 
cj-stic forms of E coli are most frequently encounteied In this stage 
of development the parasite is reduced in size and resembles so closely 
the precystic stage of E histolytica as in many instances to be almost 
indistinguish able 

In the living specimen, the shape is usually oval or spherical, but 
irregular if motilit}' is present The size varies from 8 to 15 microns, 
the average being about 12 microns Motility is very sluggish, verj 
raiely progressive, and generally consists in the sending out of small, 
blunt pseudopodia, which are immediately withdiawn, so that no pio- 
gressive movement lesults The c 3 toplasm appeals more refractive than 
in the vegetative stage, and it is but rarely that any distinction can 
be made between the ectoplasm and endoplasm, although occasionally 
the endoplasm appears to be leti acted and surrounded by a cleai zone 
representmg the ectoplasm The nucleus is generally iisible as a ring- 
like, refractive body, within which shining granules of chromatin may 
be observed At this stage of development the cytoplasm tines not 
contain much extraneous matter and vacuoles are less numerous, and 
generally entirely absent 

In stained preparations the parasites, in many instances, show but 
little structure, owing to the intensity with which they take the stain 
In well-decolorized preparations, however, the cytoplasm appears granular 
and more or less reticulated while the nucleus presents a deeply stained, 
rather thick nuclear membrane, and a distinct karyosome consisting of 
a deeply staining, spherical mass of chromatin I have observed in the 
karyosome evidences of division as shown by thinning of the chromatin 
and a partial separation of the karyosome into two oval bodies, united 
by a dimly stained thread of chromatic substance I have never seen 
a precystic E coli with more than one nucleus, although sometimes 
it has required considerable care to differentiate cysts containing two 
nuclei from the precystic forms, in cases in which the cyst-wall was 
pooily defined I believe that no reproduction occurs during this stage 
of development, and that the differences m appearance between the 
vegetative and precystic forms are, in the latter, entirely preparatory 
to encystment 

Morphology in the Cystic Stage — The cysts of E coli are charac- 
terized by their large size, when compared with E histolytica, and when 
fully developed contain eight nuclei, although this number may be 
exceeded, as many as sixteen nuclei having been observed The cysts 
are found most frequently in formed stools, although in patients suffer- 
ing from diarrhea the cysts may sometimes be observed along with 
vegetative forms This occurs only where the cycle of development has 
already reached the cystic stage before the stools became semifluid or 
fluid 
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The living cysts of ^ coh are. spherical or oval in shape and refractive 
in appearance The size varies considerably, cysts being observed meas- 
ming as much as 25 or 30 microns in diameter, and others as little as 
10 microns, but the average diameter is about 15 microns 

The cyst-wall vanes much in appearance with the age of the cyst, 
being barely distmguishable as a delicate line surrounding the organism 
at the beginning of eneystment, but presenting a double outline when 
the cyst is fully developed, the membrane being of considerable thick- 
ness Just prior to eneystment the organism iids itseK of any bacteria, 
crystals or other extraneous matter that it may contain and the cytoplasm 
assumes a distinctly alveolar appeal ance As eneystment progi esses this 
alveolar structure is giadually replaced by a finely gianular one, and 
in some of the cysts a laige vacuole develops, filling nearly two-thirds of 
the cyst, the cydoplasni being collected into a granulai band suriounding 
the vacuole, and eontaming one or two nuclei When two nuclei are 
present they are often situated at opposite sides of the cyst, separated 
by the vacuole already mentioned 

In some of the younger cysts a few shining granules of chromidia 
may be observed, but these disappear befoie division of the nucleus 
begins, and I have nevei observed any of the large cliromidial masses 
so characteristic of the cysts of Imtolyiica 

The cysts may contain from one to as many as sixteen nuclei, the 
normal number, when the cyst is fully developed, being eight In the 
living specimen these nuclei appear as ring-like, refractive bodies scat- 
tered through the cyst, and, on account of being situated at different 
levels m the cytoplasm, it is necessar}^ to focus carefully in order to 
bring them all into view The cysts that contain more than two nuclei 
very rarely show the large vacuole mentioned, this being most often 
observed during the primary division of the nucleus ^ 

In specimens of E coh stained with iron-hematoxylin or chlorid 
of iron-hematoxylm, the cystic membrane remains unstained, in most 
instances appearing as a hyaline band, of single oi double outline, eneiic- 
ling the cyst The cytoplasm appears alveolar in the young cysts, but 
in the older ones it generally is finely granular in appearance In the 
cysts showing but one nucleus a large vacuola is often present and this 
may be found in cysts showing two distinct nuclei, but in the cysts 
containing from four to eight nuclei I have never observed the vacuole, so 
that it IS evident that it disappears as nuclear division progresses In the 
cysts containing the large vacuole, the nucleus, when single, is of large 
size and presents evidences of division, the karyosome being divided into 
two oval or spherical portions, connected by strands of chromatin, or 
entirely divided In these nuclei the membrane is well stained, of con- 
siderable thickness, and not infrequently the nuclear chromatin, instead 
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of being collected into a distinct, dividing karyosome, appears to be 
divided into threads running from pole to pole of the elongated nucleus 
In the cysts containmg two nuclei and a large vacuole, the nuclear mem- 
brane of each nucleus is distmct, and there may be a well-defined kary- 
osome consisting of a deeply stained mass of chromatm, or evidences of 
consisting of a deeply stained mass of chromatm, or evidences of 
division may be noted, the nuclear chromatin bemg arranged m moie 
or less definite stiands within the elongated nucleus In the cysts that 
do not present the large vacuole, the nucleus, when smgle shows a 
definite karyosome, a well-marked nuclear membrane, and granules of 
chiomatin scattered through it between the membrane and the karyo- 
some In such cysts the nucleus resembles closely that observed in the 
vegetative forms In the cysts that coutam two nuclei, however, evi- 
dence of division of these is often noted, the nuclei resembling those 
found in the cysts containing the large vacuole 

As nuclear division progresses m the cysts, the resulting nuclei 
become much reduced m size, are generally sphencal m shape, and 
the elongation and arrangement of the chromatin mto threads stretchmg 
from pole to pole is not so evident In fact, many of these nuclei 
consist meiely of a well-defined nucleai membrane, contammg a loose 
mass of granules near the center, representing the karyosome In many 
of them a considerable thiekenmg of the nuclear membrane appears at 
one portion of the periphery, giving a peculiar cup-shaped appearance 
to the outline of the membrane 

In the cysts with more than eight nuclei the nuclei are stiU more 
reduced in size and consist simply of a thin nuclear membrane contammg 
scattered chromatin granules, or a few granules situated at the center, 
representing the kari^osome 

It IS not unusual to observe cjsts that are evidently imdergoing 
degeneration, the cystic membrane being poorly defined and the entire 
cytoplasm of the cyst being filled with deeply stamed granules, threads 
or masses of chromatin, the nucleus having disappeared, or, if present, 
bemg distorted in shape, while the nuclear structure is obscured or 
atypical in character Sometimes these degenerate cysts contam one or 
more compact, quite large masses of chromatm, resemblmg the chro- 
midial masses so characteristic of the cyst of E Imtolytica, but the 
absence of a definite nucleus, and the smaller size, and irregular shape 
of these masses should seive to distmguish the cysts containmg them 
from those of the latter parasite 

Besistance to Physical Conditions and Chemical Agencies — Prac- 
tically no work has been done on the resistance of E coli to physical 
conditions oi to chemicals, but reasoning from analogy, it is probable 
that this species follows very closely E histolytica in this respect 
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Relation to Disease — D coli is fiequently observed in the feces in 
both health and disease, and althongh it is piobably world-wide in its 
distribution, the peicentage of persons infected varies greatly in different 
localities, being highest in the tropics and subtropics, and lowest m the 
temperate zones 

This species has been often mistaken for the pathogenic E histo- 
lytica^ and for this reason it is important to know the percentage of 
persons that may be expected to show it in various parts of the world 
Schaudinn^ found it present in 50 pei cent, of healthy persons in 
West Prussia, in 20 per cent in Berlin, and in 66 per cent of healthy 
people examined on the shores of the Adriatic Sea. In 1905, 
examined over 200 healthy American soldieis at San Prancisco, reciuited 
from all parts of the United States, and found that 65 per cent of 
them showed B coll in their stools aftei a dose of magnesium sulphate 
Later, in con 3 unetion with Ashburn,^"* I found 71 per cent of infections 
with tins parasite among 107 soldiers examined at Manila, Phihppine 
Islands Vedder^® found 50 per cent of healthy American soldiers 
infected in the Philippines, and 75 per cent of the native troops 
Vedder’s observations were made on 50 American soldieis and the same 
number of Philippine scouts Sistiunk®® found E coh in eleven out 
of 145 patients examined at St Mary’s Hospital, Pochester, Minn , 
the patients suffering from diseases other than dysentery, while Posen- 
berger,®° at the Philadelphia General Hospital, found 105 out of 106 
insane patients examined infected with this parasite In 1905, I®'^ 
examined the stools of 250 patients suffering from diseases other than 
dysenteiy, at the U S Army General Hospital in San Francisco, and 
found that 49 per cent of them showed E coh m their feces 

From tliese data it is evident how widespread is infection with this 
parasite, and in what a laige proportion of persons in both health and 
disease it may be demonstrated It is also evident that if one were to 
rely only on the presence of an entameba in the feces in the diagnosis 
of dysentery, without reference to the species present, every one of these 

32 Craig, Charles 3? Observations Upon Amebas Infecting the Human Intes- 
tine, Am Med , 1905, ix, 854, 897 and 937 

33 Ashburn, P M , and Craig, C F The Work of the Army Board for the 
Study of Tropical Diseases in the Philippine Islands, Mil Surg , 1907, xxi, 38, 
140, 220, 336 and 527 

34 Veddor, E B An Examination of the Stools of One Hundred Healthy 
Individuals with Special Reference to the Presence of Entamoeba Coli , Jour 
Am Med Assn , 1906, xlvi, 870 

35 Sistrunk, W E Intestinal Parasites Found in Individuals Residing in 
the Northwest, Jour Am Med Assn , 1911, Ivii, 1507 

36 Rosenberger, E C Proc Path Soc, Philadelphia, 1912, v, 27 

37 Craig, Charles F Observation Upon Amebas Infecting the Human Intes- 
tine, Am Med, 1905, ix (reference 103), also The Parasitic Amoebae of Man, 
Philadelphia, 1911 
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persons would have been diagnosed as suffering from a latent entamebic 
dj'Sentery, and this was exactly what was done prior to the work of 
Schaudmn and his followers 

It is also evident that the question of the pathogenicity of E coh 
becomes a most important one, and it has been absolutely proved that 
this species of entameba is harmless While much work was accom- 
plished prior to Schaudinn’s researches, and there was a well-grounded 
belief that certam species of entamebas weie non-pathogenic, it was 
not until Schaudinn’s paper appeared that theie were sufficient data 
to enable one to differentiate the species of entamebas Schaudmn 
proved on his own person that E coh is a harmless parasite, capable of 
living in the intestine, liut mcapable of penetrating the mucous mem- 
brane or causing the lesions or symptoms of dysentery 

In 1905, while studying entamebas at the Army Geneial Hospital, 
in San Francisco, I tried repeatedlj^ to produce dysentery in young 
kittens with E coh, both by injecting mto the lectum material contain- 
ing entamebas and by feeding similar material containing both the 
vegetative and encysted forms, but I was never able to produce the 
least symptom of dysentery, although my experiments with material 
containing E Imtolyiica were successful My experiments were con- 
firmed by numerous investigators and the lecent contribution of Walker 
and Sellards^^ furnishes the final proof of the haimless nature of this 
parasite 

These investigators fed twenty men with material containing the 
cysts of E coh, of which number seventeen became paiasitized at the 
first feeding Hone of these men developed dysentery, although Walker 
and Sellards weie successful in pioducmg dysentery in some of the 
men to whom they fed material containing E histolytica The period 
of incubation varied from one to eleven days in the case of E coh, 
with an aveiage of 4 7 days 

This parasite may persist in the intestine of man for a very long 
period of time, and I have personal knowledge of mfections with E coh 
that have lasted for from three to ten years, during which time no 
symptoms of dysentery have ever developed 

Differential Diagnosis — Owing to the large proportion of infection 
with E coh in regions where entamebic dysentery occurs, and the ease 
with which this species may be confused with the pathogenic E histo- 
lytica, it IS most important that the two species be differentiated This 
may be best done in the living condition, from a practical point of 
view, but such a diagnosis should, if possible, be confirmed by prepa- 
rations wet-fixed and stained by one of the hematoxylin methods, pref- 
erably Heidenhain’s or Mallory’s iron-hematoxylin method 
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In the vegetative stage of development, in livmg pieparations, E. coli 
may be difleientiated from E histolytica by its sluggish motility, poor 
distinction between the ectoplasm and endoplasm, large, clearly visible 
nucleus, and the ah<=ence of red hlood-coipuscles within the endoplasm, 
when the stools contain blood In stained preparations, in this stage 
of development, the paiasite is distinguished fiom E histolytica by the 
thick nucleai membrane, large gianules and clumps of chromatin on 
the innei side of the nuclear memhiane, the laige, compact karyosome, 
and the absence of red blood-coipuscles within the endoplasm In the 
piecystic stage of development, in both living and stained preparations, 
it IS exceedingly difficult and often impossible to differentiate this 
species from E histolytica, but there aie almost always vegetative oi 
cystic forms present on winch such a differentiation may he based 
In the cjstic stage of development, E coli may be differentiated 
from E histolytica, in the living condition b} the large swe of the 
e 3 '^st, its thicker wall, the absence of large chiomidial bodies within it, 
and the presence of eight or more nuclei, only four nuclei being present 
in the cyst of E histolytica The same differential points are of value 
in the stained preparations 

OBSERVATIONS ON CRAIQIA nOMINIS, CRAIG, 1906, EMEND 

CALKINS, 1912 

In 1906, 1 observed this oiganism in the feces of a Filipino suffering 
from chronic diarrhea, and the same paiasite w'as afterw^ards observed 
in the feces of five other Filipinos I published my obseivations in the 
same 3 ear, giving the parasite the name Pai amoeba hovnnis, placing 
it m the genus Pai amoeba founded b) Schaudmn to include a maime 
ameba, because of its general lesemblance to P eilhaidi, the t 3 T;)e-species 
of the genus Doflein,®® suggested that this parasite should be placed 
in a new genus, as he did not consider that it was a true parameba and, 
in 1912, Calkins® established for it the genus Craigia 
Eegaiding the paiasite Calkins says 

Craig, 1906, observed a small amoeba in the human intestine in six cases of 
chronic diarrhoea He named it Paramoeha Jionnms because of the presence of an 
accessory body which he compared with the Nehenhorpcr of Paramoeba eilhardt 
and the formation of flagellated swarmers The identity of the accessory body 
with the Nebenkorper is questionable while the single flagellum of the swarmers 
IS sufficient to throw it out of the genus named by Schaudmn For these reasons 
I propose to give a new generic name — Gratqta — after its discoverer 


38 Craig Charles F A New Intestinal Parasite of Man, Am Jour Med 
Sc , n s, 1906, cxxxii, 214, also “The Parasitic Amoebae of Man,” Philadelphia, 
1911, p 215 

39 Doilein, F Lehrbuch der Protozoenkunde, Ed 3, 1911, p 603 
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Further study of this parasite has conYinced me that Piofessor 
Calkms’ criticisms regarding the generic position are ]ust, and I am 
in agreement with him that it should he placed in a new genus 

But very little is Imown regarding the distribution of this parasite 
At the time that I described it I had not encountered any infections 
except in native Filipinos, but in 1908, at Fort Leavenworth, I observed 
three infections with the organism in American soldiers who had 
recently returned from the Philippine Islands During the past foui 
years I have been so situated that I have had no opportunity of con- 
tinuing observations on the parasite, but recently I have been informed 
by Dr W D Bretz that he has observed a case of infection at Memphis, 
Tenn , so that it is evident that the parasite also occurs in the United 
States Indeed, I have always been convinced that a careful study of 
the feces in eases of chronic diarrhea would demonstiate that G liomims 
has a wide distribution and is a comparatively common parasite, being 
mistaken m its ameboid stage of development for E coli, and in its 
flagellate stage foi trichomonads or cereomonads 

Morphology — C homims passes through both an amebic and a 
flagellate stage of development, and it is quite easy to follow the entire 
life cj^cle by making frequent examinations of the feces from day to day, 
while the symptoms of diarihea are piesent There are still certam 
points regarding the various phases of the cycle that are undiscovered or 
undecided, but I have been able to study each stage of development 
including encystment, the foimation of the swarmers, the process of, 
longitudinal division of the flagellates, and the development of the 
amebic from the flagellate stage During each of these phases of devel- 
opment the morphology of the parasite varies so that it is necessary to 
consider each separately in oui description 

The life cycle of the organism may be briefly described as follows 
Beginning with the amebic stage, the parasite reproduces by simple 
division for a number of generations (as long as conditions are favor- 
able) as a typical ameba, at the end of which time it enc} sts, and within 
the cyst there develop numerous small swarmers, which flnall}'- escape, 
develop each a single flagellum, and reproduce b}'^ longitudmal division 
for several generations, after which the flagellum disappears, the organ- 
ism develops ameboid motion, and again begins the amebic stage of 
development 

For convenience of description the morphology in the amebic sfege, 
the cystic stage and the flagellate stage of development will be considered 
separately 

Morphology in Amehic Stage — The living parasite varies consider- 
ably in size in this stage of development, organisms measuring as little 
as 10 microns being sometimes observed, while others measure as much 
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as 25 microns m diametei , but the average measurement in diameter at 
this stage ib abont IS microns The resting amebas are round or oval, 
but irhen moving they aie veiy ii regular, and several pseudopodia may 
be pro 3 ected from the peiipheiy at the same time Motility in the 
fully developed amebas is very active, progressive movement is well 
marked, and there is a sharp distinction between the ectoplasm and 
endoplasm, the latter being much more refiactne, the ectoplasm being 
thin and veil-like in appeal anee In the motionless organism there 
is no distmction between the ectoplasm and endoplasm, and this is also 
true of the smaller parasites, in which the motility is very sluggish 
In the living organisms a nucleus can nearly always be distinguished 
appearing as a refi active, spherical body, surrounded by a thick ana 
more refractive nuclear membrane of granular consistence Often this 
membrane appears to be composed of refractile rods arranged end to 
end around the periphery of the nuclear substance In some of the 
fully grown amebic forms a brightl} glistening oval bod}’’, minute in 
Eize, may be observed h iiig near or in contact u ith the nucleus, appear- 
ing much Idve the blephaioplast of a trjpanosome or of the flagellate 
stage of a Leishmania This is the body that, in my original description, 
I considered corresponded to the Nchenhoipcr of Paramoeia cxlliardi, 
as described by Schaudinn 

The ectoplasm is alua}s to be distinguished from the endoplasm in 
the larger organisms when the paiasites are in motion, but when motility 
IS very sluggish in the smallest parasites the distinction is lost, although 
even in the smallest examples of C liomwis the ectoplasm is well 
defined if motility is at all active The ectoplasm appears homogeneous, 
while the endoplasm is leticular in stiuctuie, often giving the appear- 
ance of being filled with vacuoles, and it may contain bacteria, crystals 
and red blood-coipuscles I have not observed vacuoles in the cytoplasm 
of this species but have no doubt that under favorable conditions they 
do occur 

In stained preparations the ectoplasm and endoplasm are not difiei- 
entiated, the cytoplasm appearing reticulated and containing bacteria, 
crystals, and red blood-cells in man}’- instances The nucleus stains 
intenseh’’, the nuclear membrane being thick and well defined, while the 
karyosome is large, and separated from the nuclear membrane by an 
unstained area devoid of chromatin The karyosome stains uniformly 
throughout, a centriole being absent The nuclear morphology is very 
similar to that of the genus Valillcampfia, the only difference so far as 
I have been able to observe, being that this species has a smaller karyo- 
soine 

The accessory nuclear body is found only in some of the larger 
organisms It appears as a deep black dot or thick, oval rod, lying 
near or almost in contact with the nucleus 
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Organisms rmdergoing division are observed in stained preparations, 
and it IS apparent the division first occurs in the accessory body, for 
this body may be seen divided before complete division of the nucleus 
has occurred Dpring division the chromatin of the nucleus becomes 
ai ranged in strands running fiom pole to pole of the elongated nucleus, 
and in some instances traces of an equatorial plate may be observed 
Often the chromatin is collected into two cup-shaped masses at the 
poles of the nucleus and the space between is filled with fine granules 
without any definite arrangement Organisms are observed containing 
two distinct nuclei, each possessing the structure found in the nucleus 
of adult Ciaigia before division I have never observed any evidences 
of schizogony in this species 

Moi pliology %n the Cystic Stage — When alive the cysts of G liomims 
are slightly smallei than the adult vegetative forms, measuring, on 
the average, about 15 mieions in diameter, but there is a well-marked 
precystie stage, in v hich ameboid motility is lost, the organisms contract 
and expel any extraneous matter that they may contain, and then begin 
to rotate rapidly without changing position in the material containing 
them This process of rotation may last for as long as one hour, but 
generally ceases in about fifteen minutes, when it will be noted that a 
distinct cyst-wall has been formed, possessing a double outline, while 
the nucleus and accessory body may still be diffeientiated within the 
cjtoplasm As development progi esses the nucleus and accessory body 
disappear and the cyst becomes filled with refractive, spherical granules, 
which eventually become the 3 'oung flagellates When fully developed, 
the cysts of Craigia hominis appear as refractive, spherical bodies, 
surrounded by a well-defined c}st-Avall, and containing numerous very 
refractive spherical bodies 

The cjsts stain so intensely, evidently because of the richness of 
chromatin, that it is impossible to make out much in the way of mor- 
phology in such specimens In specimens that have been decolorized 
for a long time one mav sometimes see a collection of small ring-like 
bodies, evidently representing the nuclei of the swarmers, but no fine 
morphological details can be distinguished 

Moi pliology in the Flagellate Stage — I have never observed the 
actual liberation of the flagellates from the cyst, but groups of these 
organisms are observed arranged in a spherical mass, and surrounded 
by granular detritus, evidently the remains of the cyst 

The young flagellates appear at first as spherical bodies, measuring 
from 3 to 6 microns in diameter, having a finely granular cytoplasm, 
and a poorly defined refractive nucleus If these J'oung forms be 
watched a single, verj delicate flagellum appears at one portion of the 
periphery, and as soon as this occurs, the organism moves forward in a 
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jerky mannei, propelled by the flagellum Contiary to my oiigmal 
belief that the flagellum is situated posteriorly, I now believe it is 
situated anteriorly, for motion is observed in both directions, and in the 
fully developed flagellate motion is moie often observed in the direction 
of the flagellum 

When fully developed the flagellates measure from 10 to 20 microns 
in diameter, are spherical in shape, slightly elongated at the portion 
from which springs the flagellum, and composed of a finely granular 
cjtoplasra in which lies a small, but well-defined nucleus In some of 
the flagellates the accessory nuclear body may be distinguished as a 
brightly lefractive dot or rod near the nucleus The lattei is spherical 
in shape and has a well-defined, delicate nuclear menibiane composed 
of lefractile granules 

Eeproduction in this stage of development occurs by longtiudinal 
division, and organisms are observed m which every stage of this process 
may be demonstrated I have not been able to ascertain if the accessory 
nuclear body divides before the nucleus does, but parasites are observed 
containing tuo accessory bodies, two nuclei, and showing commence- 
ment of division in the flagellum, while others are observed in which the 
division of the two flagellates is almost complete, including the flagellum 

In stained preparations the cytoplasm of the flagellates stains very 
intensely and it is difficult to make out the stiuetiiial details of the 
nucleus The nuclear membrane is thinner than in the amebic stage 
of existence, and is apparently composed of minute granules, the kaiyo- 
some IS comparatively large and is surrounded by an unstained area as 
in the vegetative forms. In fact, the nucleus m the flagellate organisms 
is quite similar to that in the vegetative stage and markedly resembles 
that of the genus Vahlhampfia The accessory nuclear bodj stains as a 
black dot or rod The flagellum stains pooily, the most careful focusing 
IS required to demonstrate it in most organisms In the dividing forms 
tivo accessory nuclear bodies may sometimes be distinguished, while the 
nucleus shows evidences of a primitive form of mitosis, the karyosome 
dividing and the chromatin collecting at the poles of the elongated 
nucleus 

BelaUon io Disease — There is no evidence that Ciaigia, homims is 
a pathogenic paiasite, beyond the fact that I have found it present only 
in patients suffering from diarrhea, and that treatment causing it to 
disappear also resulted in the cure of the disease I have been unable 
to produce infection in kittens with material containing this parasite, 
and there are no reports of pathologic lesions caused by it, so that at 
present, while I am of the opinion that it is capable of causing a form 
of chronic diarrhea, its pathogenicity is still unproved 
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Differential Diagnosis — In my original contribution I called atten- 
tion to tlie likelihood of confusing this parasite mth other entamebas 
and with trichomonads and eereomonads, and described in detail the 
difieiential points, but despite this, Hartmann*® has suggested that I 
mistook certain stages in the development of E coli and Trichomonas 
intestinahs for a new species of intestinal entameba The absurdity of 
such a statement must be apparent to any one who has studied the 
organisms mentioned, and it may be stated that only one entirely inex- 
peiienced in the study of the protozoa of the intestme could make 
such a mistake 

0 hominis is distinguished fiom either E histolytica or E coli by 
its small size, the character of the nucleus, the presence of an accessory 
nuclear body, the structure of the cysts, and the production of swarmers 
within the cysts From T intestinahs it is distinguished in the flagellate 
stage by its larger size, the absence of an undulating membrane, the 
single flagellum, and the spheiical shape In the amebic stage it is 
distinguished from the resting forms of T intestinahs, which some- 
times possess a very limited degree of ameboid motion, by the larger 
size and the active progressive motion, which is never observed in 
tiichomonads 

The differential points mentioned also serve to distmguish G honiinis 
from any entameba or intestinal flagellate hitherto described 

It IS probable that careful observation will demonstrate that many 
of the instances of chronic diairhea now accredited to T intestinahs 
are really due to this parasite, but this will not be determined until 
there is a more general resort to the microscopical examination of the 
feces in clmical diagnosis 

OBSEBVATIONS ON VAHLKA3IPPIA XOBOSPINOSA, CHAIG, 1912, 

EMEND 1913 

The free-living amebas belonging to the genus Vahlhampfia are of 
great interest because of their frequent occuirence in material from 
cases of entamebic d 3 '^sentery and the fact that they can be easily 
cultivated on various culture mediums The genus also contains para- 
sitic species found in some of the lower animals, and Wenyon,** Chatton,® 
James*- and otheis have observed vegetative forms of Vahllampfia in 
feces from the human intestine, so that it appears to be proved that 
some species of this genus are able to live a parasitic existence m 
man, but in every instance these organisms were easily distinguished 

40 Hartmann, M Article on “Die Dysenterie Amoelien,” in von Prowazek’s 
Handbuch d Path Protozoen, 1912, i, 51 

41 liVenyon, C M Intestinal Amebiasis, Brit Med Jour, 1913, 2495, p 1244 

42 James, W M Personal communication 
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from E Imfolytica and E coU and presented the typical limax stiucture 
ordinarily observed in cultures 

As these amebas occur so frequently in cultures made from feces oi 
material fiom liver abscesses in cases of entamebic dysentery, almost 
alv'ays as contammations, the moiphology of a typical example of the 
genus will be desciibed This organism, which I named Amocha lobo- 
spinosa in 1912,^® but which really belongs to the genus Vahllcampfia — 
and for which I now suggest the name Valillrampfia lohospinosa — ^has 
a most mterestmg history It was originalty cultivated from the feces 
of a patient with entamebic dysentery by Dr !Musgrave, in Manila, who 
described it as Anieba 1152-i of his series The culture with which 
I have worked is descended from a culture he sent to the Army Medical 
Museum m 1905 I have also woiked, so far as morphology and life 
history is concerned, with tuo other cultuies of the same organism, 
which V ere sent to the museum by the Board for the Study of Tropical 
Diseases, m Manila, in 1908 This organism has thus been cultivated 
on Musgrave and Clegg’s agar-niedium for a period of nearly eight 
years, and during this time the morphologj^ has not changed, but has 
remained that of a t 3 pical ValdJcampfia In a recent contribution 
Calkins and Williams® have shown that on certain mediums this organ- 
ism changes considerably in morpholog)'^ and closely resembles, as they 
claim, E hsiohjUca oi E coU, and their woik will be referred to later 

On the medium of IMusgrave and Clegg, VaJilJcampfia lobospinosa 
presents two well-defined stages of development, the vegetative and the 
cystic, and the morphology of the organism varies in each stage 

Morphology m Vegeiative Stage — ^The size of the organism varies 
exceedingly, measurements of fiom 8 to 25 microns in diameter being 
frequently observed, but the average diameter is about 16 microns The 
shape, when motionless, is oval or spherical, but when moving the 
organisms are very ii regular in shape Motility is sluggish and pro- 
gressive motion not very marked , the pseudopodia are of two varieties — 
short and blunt, and longer and spinose The lobose pseudopodia are 
present when the organisms are actively motile, but the spinose pseudo- 
podia are more frequently observed when motility is absent or ver} 
sluggish The spinose pseudopodia are extruded from the periphery 
of the ameba very rapidly and as rapidly withdrawn, so that it is often 
difficult to distinguish them Both lobose and spinose pseudopodia may 
be present at the same tune 

The nucleus is well defined, appearing in the living organism as a 
spherical, refractive mass surrounded by a narrow hyaline area, while 
the nuclear membrane is indistinct In most of the vegetative forms 

43 Craig, Charles 1? Observations Upon the Morphology of Parasitic and 
Cultural Amoebae, Jour Med Research, 1912, xxi, 1 
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a Single, contractile vacuole is present, which contracts once in about 
fifteen seconds, and which, when most clearly defined, is situated near 
the nucleus but travels toward the periphery before it contracts In 
most of the organisms the contractile vacuole appears to be situated 
at the periphery when contraction occurs 

In stained specimens the distinction between the ectoplasm and 
endoplasm, which is quite marked in the living condition, is lost, and 
the entire cytoplasm stains a brownish gray or gra}^, appears reticular 
in structure, and composed of granular material The nucleus is char- 
acteristic in structure, being composed of a large karyosome, filling 
at least two-thirds of the entire nucleus, surrounded by a clear unstained 
area, which, in turn, is surrounded by a zone of fine chromatin granules 
forming a poorly stained nuclear membrane The karyosome stains 
intensely and, unless the preparations are well differentiated, does not 
show a centiiole, but in well-stained and decolorized preparations a 
centiiole may be observed within the kar3'Osome, consisting of one or 
tvo almost black dots The unstained area surrounding the kari'osome 
IS devoid of chromatin granules and no traces of a Imin network can 
be distinguished in this area In many of the vegetative forms the 
nucleai membrane cannot be distinguished from the cytoplasm, but it 
may appear well stained and then consists of a rather thick membrane, 
on the inner side of which there is a zone of fine chiomatm granules 
The cytoplasm contains many Bacteria and often the single vacuole 
IS -well differentiated, together with unstained areas demonstrating the 
reticular nature of the protoplasm 

During the vegetative stage of development reproduction occurs by 
simple division, the nucleus often showmg well-defined mitotic figures 
Organisms aie observed in which the karyosome as well as the entire 
nucleus is greatly lengthened, while evidences of division of the centriole 
are noted in well-differentiated preparations A later stage in division 
IS shown in organisms having deeply stained crescentic bodies at each 
pole of the nucleus, connected by fine filaments of poorly stained 
material, the whole forming a well-defined spindle An equatorial plate 
IS not infrequently observed consisting of a band of deeply stained 
granules of chromatin stretching across the spindle midway between 
the polar bodies, and sometimes a distinct division of this plate into two 
lows of deeply stained granules may be observed Still later the equa- 
torial plate and the spindle disappear and the nucleus is divided into 
two portions, spherical in shape, each having a distinct karyosome and 
a poorly defined nuclear membrane In this species the mitotic char- 
acter of the division of the nucleus is well marked, much more so than 
it IS in the intestinal entamebas 
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Moi 'plwlogy tn ilie Cystic Stage — Valillampfia lobospinosa produces 
cysts whenever the cultural conditions are unfavorable to vegetative 
existence, and on the ordinary culture mediums the cysts aie charactei- 
istic of tins genus, only one daughter ameba being formed m each cyst 
In size the cjsts vaiy from 8 to 15 microns in diameter, the average 
being about 10 microns The youngest cjsts, wdien Ining, have a deli- 
cate cjst wall, of single outline, but the fully developed C3sts show a 
thick wall, very lefraetive in charactei, and having a w'ell-marked 
double outline The C3sts aie spherical in shape so long as the medium 
IS moist, but as diving occurs thev contract unequally and iiregular 
forms are produced, generally quadrilateral or p3ram]dal in shape 
The old cysts often have a ver3 thick ivall ivhicli appears cracked or 
folded over in places, thus giving the C3’st a veiy characteristic appear- 
ance The cytoplasm of the young cysts appears finely gianular but 
flee from bacteria, and the single nucleus may be observed near the 
center of the cyst In the older, living e3sts the nucleus is often invisible 
and the 03 st appears to be filled wutli minute lefi active granules the 
nature of ivhich I have been unable to determine 

In stained prepaiations the e3doplasm appears granular and the 
nucleus presents the same structuie that is observed in the vegetative 
forms before division occurs I have never observed more than one 
nucleus in a 03 st, noi have I ever observed any evidences of division 
of this nucleus, so that enc3^stment m this 'species, so far as it is shown 
on oidmary culture mediums, is puiely a protective piocess, as repro- 
duction does not-pccur within the cyst 

In brief, the description given above ansivers to tlie appearance of 
Y lohospinosa as observed in cultuies on Mlisgrave and Clegg’s nutrient 
agar, but the recent work of Williams and Calkins® has shown that 
when this species is grown in pure culture on brain-tissue medium veiy 
marked variation occurs in its morphology from wdiat occurs when it 
IS giown, in con3unction w'lth bacteria, on ordinary mediums They have 
found that the contractile vacuole disappears from the vegetative forms, 
the nuclei resemble in structure the nuclei of the entamebas, and the 
cysts become multmucleate, fiom two to four nuclei being present in 
many of them Williams and Calkins consider these variations as 
significant of the parasitic nature of the species, but are very con- 
servative regarding their exact significance, saying ® ‘‘We do not wish, 
however, to lay too much stress upon these experimental results, con- 
ditions of the culture might be such as to bring about variations when 
these do not occur under conditions ‘normal’ to the organism ” These 
observations are of the utmost interest as showing how profoundly a 
protozoan organism may be modified by unnatural cultural conditions, 
but there is no reason to believe that these modifications in any way 
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connect this typical free-living ameba with the entameba of the intestine, 
as E ImtolyUca or E coli, for even though the structure of the nucleus 
IS modifietl it is perfectly evident to anyone who has worked with the 
entamebas that none of the photomicrographs published with the paper 
of Williams and Calkms show amebas with a nucleus in the least like 
the nucleus of either Imtolytica or colv, while even in the drawn plate 
the nuclei are markedly dissimilar in most of the drawings It is a 
fact that whenever a VahlLampfia has been found parasitic in the human 
intestine, and this has occurred m a few cases, as mentioned, the mor- 
phology has been typical of the limax iype of ameba and the forms 
observed by these authors have never been noted As regards the 
relation of these fiee-living species to disease the observations of 
Walker and Sellards, hereafter considered, are conclusive 

Belahon to Disease — Theie is at present no evidence that any species 
belonging to the genus ValilJcampfia is capable of producing disease in 
man, and it is evident from the investigations of many authorities that, 
in most instances, the species of this genus are actually mcapable of 
establishing themselves as parasites in man They are all essentially free- 
livmg amebas, so far as their relation to man is concerned, and while 
a very few instances have been reported of infection with the vegetative 
forms of VahUcampfia, the mfeetion lasted but a short tune and no 
symptoms or lesions were produced by the organism Therefore, we 
aie justified in believing that such instances are accidental, and while 
they may be interesting from the pomt of view of the evolution of 
parasitism in a species, at present they possess no practical importance 
to the clinician 

To consider all of the observations that go to prove the fact that 
the species of the genus Valilhampfia are essentiallj'' free-living as 
regards their relation to man would be only to repeat, but the recent work 
of WaUcer and Sellards, in my opinion, proves conclusively that the 
ordinary cultural amebas bear no relation whatever to the intestinal 
entamebas, but are in nature free-living and mcapable of existing as 
parasites in man 

Walker and Sellards®^ experimented on ten men by feeding them 
cultures representing thirteen different strams and eight species of free- 
living amebas isolated from the Manila water-supply and other non- 
parasitic sources, from the stools of healthy persons and persons suffer- 
ing from diseases other than dj^sentery, and also from dysenteric stools 
They found that when cultures of these amebas were ingested by the 
men the amebas could be recovered from their stools in culture during 
the fiist few dajs after feeding but not subsequently, and that the 
microscopical examination of such stools always resulted negatively 
No symptoms of dysenterj-- occurred in any of the men, although they 



CHARLES F CBAIC 


769 


were observed for months, and as the result of their work the authors 
draw the following conclusions 

1 The cultivable amoebae are incapable of living parasitically in the intes- 
tinal tract of man 

2 The amoebae, when obtained in cultures from stools, intestinal contents, or 
liver-abscess pus, are derived either from cultural contaminations or from 
encysted amoebae which have been ingested with water or food and have passed 
unchanged through the intestinal tract 

3 The cultivable amoebae are non-patliogenic, and consequently play no rOle 

in the etiology of endemic tropical dysentery , 

In the light of these conclusive experiments it is very evident that 
no amount of evidence based on mere changes in morphology or life 
cycle produced by growing free-living amebas on unnatuial culture 
material can be considered as of the slightest value in connecting them 
with the true entamebas, but that at most these variations simply indi- 
cate the path by which the present species of entamebas reached their 
parasitic mode of existence From the point of view of evolution the 
experiments of Williams and Calkins are most valuable and interesting, 
but they in no wise affect the present classification of tlie parasitic 
species I believe that it is proved that the cultivable amebas cannot, 
in the vast majority of instances and under natural conditions, live as 
parasites m man, and that they aie entirely distinct from the entamebas 
and bear no relation to the etiology of entamebic dysentery 

In conclusion I desire to state that the personal observations recorded in this 
contribution were made at the XJ S Army General Hospital, San Francisco, Cal , 
the Division Hospital, Manila, P I , ■while the writer was a member of the TJ S 
Army Board for the Study of Tropical Diseases in the Philippines , the Rockefellei 
Institute for Medical Research, New York, the Laboratory of the Army ^Medical 
School, Washington, D C , and the Department Laboratory, Central Department, 
U S Army, at Foit Leavenworth, Kansas For the photomicrographs, of which 
Figs 1 and 2 are reproductions, I am indebted to Capt Arthur C Christy, U S 
Army They were made from preparations stained with iron hematovylin and 
lived with Schaudinn’s sublimate alcohol solution 
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THE MESONEPHROS 

WITH A CONSIDEEATION OF ANTAGONISTIC ACTION OP ORGANS AND OF 
FUNCTIONAL MUTATION WITH MORPHOLOGICAL 
PERSISTENCE 

HORST OERTEL 

LONDON, ENGLAND 

• 

I propose to draw attention to certain embryological processes and 
phenomena which appear to have escaped a more than cursory attention 
by the pathologist and, if a perusal of the literature and an inquiry 
among those able to judge lead me to suppose correctly, have received a 
lather inadequate consideration by anatomists and physiologists The 
load, therefore, is difficult to tiavel, and the observations and consideia- 
tions which are reeoided below will appear necessarily fragmentary 
and incomplete Indeed, the difficulty of obtaining suitable material and 
other more personal obstacles allow me to offer no more than an outline 
of the matter That, howevei, seems warranted by the importance and 
the unfortunate neglect of the subject Even in incomplete form it- 
may, nevertheless, obtain the interest and future help of those who by 
position and experience are able to enlarge on the facts and elaborate 
the conclusions to be diawn therefrom 

Perhaps it maj’" not be amiss to review biiefly, as an introduction, 
our present knowledge and ideas regarding renal development in general 
and the mesonephros in particular 

I INTRODUCTORY GENERAL PART^ 

It IS of course impossible to present within the scope of this papei, 
which proposes to deal only with certain phases of nephric development, 
a thorough discussion of the ivhole complex and still disputable subject 
of the origin of the excretory system and the relations it may have to 
the oiiginal annelid nephric organ These to the pathologist by no 
means unimportant questions, must be studied elsewhere" I shall con- 

* From the Gordon Pathological Laboratory of Guy’s Hospital 

* Submitted for publication March 17, 1914 

1 The introductory general part was essentially written for those unac 
quainted with present views of renal development and of the position and struc 
ture of the mesonephios, others may turn immediately to the second special part 

2 Consult Felix, W The Development of the Urogenital Oragns, in Man- 
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fine m3 self to a sketch of those features a knowledge of which appears 
necessary for an intelligent understanding of the subject at issue 
The kidney of all amniotes discloses, as is well known, its phylo- 
genetic travels much plainer than any other organ By succession and 
partly coexistence appear three distinct excretory organs, pronephros, 
mesonephros and metanephros The pronephros disappears rapidly, 
but the mesonephros, or wolffian body, acquires full development and a 
high degree of differentiation In man, particular!}', this rises to a 
better state of evolution than m some of the lower animals, in pjgs it 
reaches an enormous size and recedes only m embr3'os of 10 cm , while 
in reptiles it continues through part of the postnatal life Thus in 
lizards the mesonephios persists to the end of the first 3 ear and, accord- 
ing to Braun,® retrogression of the mesonephros does not commence 
until after the first hibernation On the other hand, it happens that 
in the mouse the wolffian body develops only incompletely and is even 
devoid of all glomeruli 

It IS, therefore, evident from the stait that the development of the 
amniotic kidney is quite unlike the gradual, uniform development of 
other organs, but senaZ, for it appeals that pionephros, mesonephros 
and metanephros are to a considerable extent at least independent organs, 
which take oiigin from closely adjouung and partly overlappmg seg- 
ments of the mesoderm, so that the pronephros develops most cranially, 
caudally to it the mesonephros and still more caudally the metanephros 
or permanent kidney. The exact genetic relation of these three organs 
has been, and still partly is, a disputed question For our discussion 
it is sufficient to emphasize that a relation exists so far as they repre- 
sent renal excretory organs patterned on one structural scheme, but of 
a growmg complexity which is demanded by progressively higher grades 
of general development, and corresponds to various stages of animal 
evolution As one is replaced by the other the predecessor appears 
thereafter by recapitulation, rudimentary or provisional A certain 

ual of Embryology, edited by F Keibel and F F Mall, Philadelphia and Lon- 
don, J B Lippincott Company, 1912 

Felix, W Die Entwicklung des Harnapparats (1904), in Hertwig’s 
Handbucb der vergleiclienden Entwicklungslehre der Wirbelthiere, Jena, (J 
Fischer, 1906 

Gaskell, W H The Origin of Vertebrates, London, etc , Ijongmans, Green 
& Co , 1908 

Broman, Ivar hformale und abnormale Entwicklung des Menschen, Wies- 
baden, Bergmann, 1911 

Bonnet, E Lebrbucb der Entwicklungsgeschichte, Berlin, Paul Parey, 
1907 

3 Braun Das Urogenitalsystem der einlieimiscben Eeptilien, Arbeiten aus 
dem zool -zoot Institut zu Wbrzburg, 1877, iv 

Schreiner, K E Ueber die Entwicklung der Amnioten Niere, Ztscbr f 
wissensch Zool, 1902, l\xi, 1-189 
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structural resemblance may, therefore, be noted in all three which in 
amniotes is necessarily closest between mesonephros and metanephros 
In myxinoids the pronephros represents the permanent kidney In 
fishes and amphibia it atrophies and is replaced by the better-organized 
mesonephros irinall}^ in amniotes the mesonephros also undergoes 
retrogression and is replaced by the most highly organized metanephros 
as permanent kidney One other and more special relation between 
these three organs must be noted There is developed m connection 
with the pronephros an excretory duet, called the primary'- excretory oi 
segmental duct, which takes origm from the thirteenth and fourteenth 
and possibly other caudal segments of the pronephric anlage It pene- 
trates early mto the cloaca From it descend directly the wolffian duct 
of the mesonephros and the ureter of the metanephros with their 
derivatives 

An understanding of the functional and structural characteristics 
of all three kidneys is much helped by tracmg them through phylogenetic 
evolution In the lowest unicellular forms of animal life the general 
surface of the cell serves as a medium for the discharge of waste prod- 
ucts But under certain conditions, probably increased energy, there 
appear contracting vacuoles in addition to others of alimentation and 
distribution The contracting vacuoles have been regarded as the first 
evidences of an excretory system Thus Ehumbler believes that certam 
excretory granules and crystalline enclosures which were first observed 
by Stein in 1859, and later thoroughly investigated by Butschli, are 
discharged by pulsatmg vacuoles The nature of these granules or 
crystals is held to be either uric acid (Griffiths, 1889) or an oxalate 
(Butschli) or calcium phosphate (Schewiakoff) ^ 

We see further in the lower metazoa, such as the turbellarins, a 
complex system of tubes which ramify in the tissues of the body and 
constitute an independent excretory organ 

The appearance of the coelom or body cavity marks the begmning of 
a definitely recognizable excretory system which was combined in all 
probability from the start, or at least very early, with the sexual appa- 
ratus This combination persists to the human organism, in which a 
separation of urinary and sexual organs has only partly been accom- 
plished Both form a unit during human embryonic and fetal life, and 
even in the adult one channel serves both as terminal passage At the 
earliest stages of evolution both were represented by the coelom walls 
which possessed the ability not only of elimination, but also of producmg 
sexual cells, gonads (Gegenbaur®) Gradually the coelom developed duets 

4 Von Furth, 0 Vergleichende cliemisclie Physiologie der niederen Tbiere, 
Jena, G- Fischer, 1903 

5 Gegenhaur, C Vergleichende Anatomic der Wirbelthiere, Leipsic, W 
Engelmann, 1898 
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for conveyance of the excretory products to the exterior It is very 
prohahle that latei a certain portion of the coelom wall became reserved 
foi the sexual function and another for the excretory function 

Thus originated sexual glands and pronephros, the first definite 
excretory organ of vertebrates Notwithstanding their appearance, the 
association of the two systems continues quite intimate throughout the 
whole series of vertebrates, and is necessarily most marked during early 
life 

In this peisistent and peculiarly characteristic interchanging relation- 
ship of excretory and sexual apparatus rest, as will appear, important 
factors which seem to enter into the developmental fate of both 

It has been stated that the stiuetural organization of the three excre- 
tory glands is based on one scheme This is dictated by their two main 
functions These aie (if we neglect for the time certain metabolic 
activities which acquire importance only in higher animals) 

1 To remove useless or dangerous metabolic or foreign substances 
from the body (excretion) 

2 To allow permeation and elimination of superfluous water from 
the body fluids (filtration) 

Both combined mamtain constancy m the composition of the body- 
fluids and the blood It is very probable that the most primitive urinary 
organ, the coelom, or body cavity, was able to carry on both functions 
Each coelom cell possessed excretory activity, and the coelom wall as a 
whole formed a membrane permeable for water With growing com- 
plexity of differentiation it became necessary to specialize these functions 
m particular parts of the coelom cavity^ Consequently that portion of the 
coelom wall which was richly provided with blood-vessels assumed filtra- 
tive function by the formation of the external glomerulus This consisted 
only of an invagination of blood-vessels into the body cavity On the 
other hand, the transverse ducts remained reserved for the more specific 
excretory function This constituted the pronephnc period During 
later stages of development the filtration apparatus of the external 
glomerulus, originally quite independent, was incorporated in the kidney 
and quantitatively modified to adapt itself to the new environment and 
demands Thus originated the malpighian corpuscles of the mesonephros 
and later of the metanephros This union created an organ which again 
combined, as did the coelom, filtrative with excretory functions, but in a 
much higher degree of efficiency At this point all communication 
between kidney tubules and coelom disappeared, and the latter retained 
only the mechanical function of separating movable organs from each 
othei and the body walls 

The fact that the kidney of higher animals represents a union of 
originally independent units is of some interest in relation to its func- 
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tional activities, for it is likely that both units have largely retained their 
chief original purposes, the one of filtration, the other of secretion and 
excretion In this connection it is interesting to recall that -with pro- 
gressing evolution the tubular secretory structures become not only more 
numerous but also more complex, and that their cells undergo various 
processes of differentiation They show, therefore, important qualitative 
tissue changes It is different with the glomerulus !Prom the one 
external glomeiulus a step to many is made in the mesonephros and a 
fuither step to a still gi eater number in the metanephros But the 
glomerular structure, unlike the tubules, remains essentially the same 
throughout evolution One would conclude that glomerular function, 
although quantitatively enormously increased, has not undergone marked 
qualitative changes 

To recapitulate and sum up All three kidneys are evolutionary stages 
of an organ series They have in common secretory tubules opening into 
an excretory duct, but their structures arise from different segmental 
portions of the mesodermal plate, and, therefore, are not identical or 
evolutionary periods of one organ At first, during the period of tubular 
formation from the cranial segments, the tubules are simple and letain 
segmental arrangement A glomerulus lies outside and independent to 
the secretory portion (pronephros) Later, when formed in the doisal 
and lumbar regions, tubules appear in greater number and become more 
complex, and glomeruli appear and are incorporated and connected to 
the tubules in a fully developed renal organ (mesonephros) In the last 
stage of sacral development the tubules assume greater complexit}’’ and 
number with a correspondmg increase of glomeruli, and they first group 
themselves aiound and then unite with an outgrowth from the wolffian 
duct the ureter and its derivatives, all of which are the direct descendants 
of the pronephric primary excretory duct (metanephros) 

This short, rather crude sketch may perhaps suflSce to recall to mind 
the position which the mesonephros occupies in genetic and individual 
history, and we may now briefly review its structure and organization 

Attention has been drawn to the fact that the mesonephric tubules 
develop from those stalks of the primitive mesodermal segments which 
lie caudally from the pronephros In mammals these form early a blas- 
tema or cell cord which gives rise in its cranial portion to the parenchyma 
of the mesonephros and later in its caudal portion to the parenchyma of 
the metanephros This blastema is commonly spoken of as the nephro- 
genic cord, and its appearance terminates the existence of the critical 
period of individual segment stalks and inaugurates the possibility of a 
gi eater number of tubules of growing complexity These tubules empty 
into the primarj' excretory duct, which now becomes the wolflSan duct 
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Eecent investigations have settled the long dispute about the manner 
of kidney development in favor of a duabstic ongm, according to which 
one anlage gives rise to the secretory, and another to the excretory part 
The mesonephros, therefore, like the metanephros, later is formed by a 
union of parenchyma, that is, glomeruli and secretory tubules, derived 
from the nephrogenic cord with an outgrowth from the wolffian duct, 
that IS, the collectmg tubules In the metanephros the parenclijona is 
joined to the pelvis of the kidney by the collectmg tubules, both of the 
latter representing an outgrowth of the original ureter and termed the 
ureteric tree 

In appearance, structure and organization the mesonephros, therefore, 
bears such a striking resemblance to the permanent kidney that it may 
justly be regarded as an abbreviated metanephros 

Dependmg on its mesodermal denvation, the mature mesonephros is 
situated anteriorly to the position occupied later by the metanephios, 
that is, the lower dorsal and upper lumbar or hepatic regions In relation 
to the embryo it is large and presents in shape a broad, slightly curved 
mound or ridge Its malpighian corpuscles are similar to those of the per 
manent kidney and show well-developed glomeruli filled with blood and 
occupying the whole of the capsule The latter is plainly lined by lather 
high epithelium Marked differences exist between the convoluted and col- 
lecting tubules The convoluted tubules bear, except for number, a strik- 
ing resemblance to those of the metanephros, more particularly in regard 
to their lining epithelium, which present the general characters of all 
renal secretory epithelium m convoluted tubules Mihdlkovics® describes 
these cells as high, cylindrical (from 0 01 to 0 03 mm ), of yellowish, 
poorly staining protoplasm and distinctly granular But Winiwarter and 
Sainmont^ speak of them as cuboid epithelium, which I think is more 
correct for the intact undegenerated cells Individually, the cells are 
sometimes poorly outlined so that, according to klihalkovics, this epithel- 
ium appears in sections frequently like a nucleated yellowish syncytium 
The nuclei are relatively large, round and rich in chromatin, and possess, 
according to Winiwarter and Sainmont, a laige nucleolus In early •’tages 
they show frequent mitoses Mihalkovics describes irregular, colorless, 
thread-like processes (cilia) extending from the free cell ends into the 
lumen of the tubules, in which they seem to be continuous with a network 
which fills the wide lumen He interprets these pictures as evidences of 

6 Mihalkovics, G Von Untersuchungen uber die Entmcklung des Harn 

und Geschlechtsapparats der Amnioten, Internat Monatsschr f Anat u Histol , 
1885, 11 , p 41 and p 65 j > 

7 Winiwarter, H Von, and Sainmont, E Nouvelles recherches sur 
I’ovogGn^se et l’organog6n&se de I’ovaire des mammifhres (chat), Arch de hiol , 
1909, XXIV, 373 Involution du corps de Wolff 



776 


TEE AB0HIVE8 OF INTERNAL MEDICINE 


glandular secretion Winiwarter and Sainmont also observed the dis- 
charge of hyaline globules from these cells which they regard as secretion 
I have been unable in the material at my command to discover similar 
structures except in degenerative piocessas As, however, fixation and 
freshness as well as hardening aud staining methods materially mfluence 
such details, I do not feel able to deny their existence Whether or not 
they leally represent products of a secretory activity is, of course, open 
to question 

In the straight and narrow collecting tubules which can be dis- 
tinguished as easily from the convoluted ones as in the metanephios, the 
/lining epithelium is low (from 0 007 to 0 008 mm , Mihalkovics), closely 
set, very distinct, clear, with smaller nuclei and resembles the lining cells 
of the wolfiSan duct, indicating a close relation of that tubular portion to 
the excretory duct 

The whole mesonephros is enveloped by a capsule composed in the 
earlier stages of development by several loosely arranged and cellular 
layers , in the mature organ, however, the capsule shrinks, and its cellular 
contents are lost The parenchymatous or coi tical part shows early many 
undifferentiated blastemic cells lying in a loose, thin stroma As the 
tubules develop, these diminish, and in the fully developed mature 
mesonephros practically no interstitial cellular tissue is to be seen between 
the tubules of the cortex , but these he in close proximity, separated only 
by thin but distinct basement membianes and intertubular capillaries A 
thin, loose stroma is retamed around the malpighian coipuscles This 
IS more abundant toward junction with the wolGSan duct 

If, then, as will be apparent from the foregoing description, there 
exists an essential similarity in the organization of the mesonephros and 
metanephros, there are also, regardless of details, two very impoitant 
differences, first in cnculation, secondly in the connection with the sexual 
gland These must, therefore, be shortly described 

The mesonephros enjoys a yerj’’ rich and peculiar arrangement of its 
blood-supply It receives in the first place a large number of arteries 
from the lateral aortic side According to Bonnet,® there are no less than 
twenty in the fully-developed human mesonephros, but of even greater 
abundance is its venous portal circulation (Felix) In order to under- 
stand this properly one must recall that the mesonephros lies between the 
vena cardinalis posterior on the dorsal side and the vena subcardinalis on 
the ventral side Both veins are connected at its caudal border with the 
venae caudalis and isehiadica Early in mesonephric development numer- 
ous branches begin to form between the posterior cardinal and sub- 
cardinal veins, traversing the mesonephros From the beginning the 
vena cardinalis posterior opens into the duct of Cuvier and through this 
into the sinus venosus of the heart, while the vena subcardinalis acquires 
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connection with the heart through the hepatic vein (Felix) We shall 
have reason to refer later to these peculiar circulatory conditions 

The second peculiarity of the mesonephros — its intimate connection 
with the sexual gland — will he referred to here hut briefly, for it will 
form the subject of a later discussion At a variable, but very early stage 
of mesonephric development, a narrow strip of mesothelium extending 
along the medial surface becomes prominent and cellular, forming the 
genital tubercle These cells are later arranged into layers and become 
definitely difierentiated and grouped The whole mesothelial band is 
known as germinal epithelium and gives rise to the sexual glands, testis 
or ovary A connecting band remains and is knoun, respectively^ as 
mesorchium or mesovarium 

Lastly, the time over which mesonephric development extends is not 
uniform in araniotes, even in the mammals, in which it remains a purely 
embryonic organ Traces of an early original segmental arrangement 
have been observed up to human embryos, but the segment stalks fuse 
rapidly to the nephrogenic coid, so that the early diffeientiation of the 
mesoderm is, in mammals at least, much abbreviated 

The time of appearance of the first mesonephric tubules varies It 
has been tabulated by Felix, as follows In the rabbit from the ninth to 
the tenth day (Kollicker, 1879) 245 hours after fertilization in embryos 
of from 5 to 0 0 mm greatest length , a dog, eighteen day s, four hours 
after coition showed from sixteen to twenty primary segment pairs and 
from eight to seventeen anlagen (Bonnet, 1887) In the pig the first 
mesonephric anlage is found fourteen days, nine hours after coition in 
embryms of from 5 to 5 3 mm greatest length in ten or eleven primary 
segment pairs ; in man the first tubules appear in embryos between 2 6 
to 3 mm greatest length (His, 1880; Keibel, 1896) The mesonephros 
IS reported as complete in the guinea-pig on the twenty^-third day after 
the last litter (Weber, 1897) , in labbits between 18 and 20 mm length 
(Mihalkovies) , or on the sixteenth day of development (Bgl, 1876) , in 
sheep of from 18 to 20 mm length (Weber, 1897) , in pigs of from 6 to 
7 cm length (Keibel, 1897, Keuhauser, 1903), m human embryos of 
7 mm length (Weber, 1897, MacCallum, 1902), and in the mouse the 
development, as mentioned, remains incomplete and no glomeruli are 
formed (Weber, 1897) When the mesonephros has reached its caudal 
limit, no new caudal anlages are added in older embryos, and a degenera- 
tive and destructive process becomes generally manifest which annihilates 
the organ with the exception of those anterior and middle parts which 
enter the services of the sexual organs The manner, character and 
bearing of this process will form the subject of the followmg special part 
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II SPECIAL PAET 

The degeneration and nltimate fate of the mesonephros have been 
much discussed by anatomists from the developmental point of view, but 
the histological changes leading to its loss, their causes and possible 
bearmg on certain pioblems of postnatal pathology have hardly received 
any attention Nearly thirty years ago (1885) Mihalkovics° contributed 
in a classic work an investigation and description of the histological 
details Nothing has been added since, with the exception of the recent 
work on the organogenesis of the cat’s ovary (1909) by Wmiwarter and 
Sainmont,^ who describe the degenerative appearances m the mesonephric 
tubules with care, and in the two most complete expositions of the subject 
by Felix, the one in Hertwig’s ‘‘Handbuch der Entwicklungsgeschichte,” 
the other in Keibel and Mall’s “Human Embryology,” only a short sum- 
mary of Mihalkovics’ observations are given But this matter is perhaps 
of greater pathological than embryological interest, for these phenomena 
resemble very closely the changes in certain metanephiic diseases Never- 
theless, they occur without bacteiial or outside toxic invasion, but as a 
part of a wo? mal developmental process They deserve, therefore, special 
recognition and study by the pathologist 

The degeneration of the mesonephros commences early in mammals 
In the human embryo, accordmg to Felix, even before the mesonephric 
development has been caudally completed, in an embryo of 5 3 mm , it 
involves primarily the most cranial tubules and proceeds rapidly to 
embryos of 21 mm This constitutes the first and essential part of meso- 
nephiic degeneration The second period is said by Felix to commence 
very giadually, progresses slowly and is characterized by mcorporation of 
the middle mesonephric poition into the genital system All other parts 
undeigo complete retrogression It will be remembered tliat of the 
remaining parts in the female (paroophoron, duct of Gartner, paro- 
varium), none retains any visible function, while in the male (vasa 
efferentia, coni vasculosi, paradidjunis, epididymis, vas deferens, ejacu- 
latory duct, seminal vesicles), the mesonephric remnants become new 
functionating structures 

A study of the degeneration of the mesonephros involves necessarily 
the consideration of three questions 

1 What are the histological changes leading to annihilation of the 
organ 

2 What IS their cause ^ 

3 What is their significance P 

1 It has already been noted that the most complete study of the 
histological changes leading to loss of the mesonephros is that of Mihdl- 
kovics made in 1885 This description is so excellent and characteristic 
that I shall quote it in full Mihdlkovics studied the lesion in chicks. 



HORST OEBTEL 


779 


commencmg with the eighth to ninth day of incubation^ and in rabbits of 
from 16 to 18 mm lengths at these times the formation of mesonephric 
buds and tubules has practically come to a standstill, the tubules no 
longer develop convolutions, but remain stationary, while the large venous 
sinuses recede and assume the dimensions of usual blood-vessels The 
interstices and recesses thus formed are filled by connective tissue which 
previously has existed only sparingly and loosely between the tubules 
At the same time the epithelium of the convoluted tubules gradually 
loses the charaetei of secretory cells and assumes the shape of ordinal y 
cylindiieal cells with a greater affinity for stains than possessed before 
The tubules peisist in this state, in chicks, from the eighth to the six- 
teenth 01 seventeenth da}, in the rabbit to a length of from 3 5 to 4 cm 
Then they commence to obliterate The first evidence of this obliteiation 
is a narrowing of the convoluted tubules with a progressing small-drop 
fatty degeneration of the lining cells Ultimately the cell bodies undergo 
a fatty dissolution and fill the lumen of the tubules Instead of canals 
there remain thus solid cell cords which consist of still lecognizable 
tubular cells These are moie or less concealed by the richly cellular 
stroma and ma}, therefore, escape attention In the meantime the 
malpighian coipuseles have become involved in the process Their loss 
commences with obliteiation of the affeient vessels, and the atrophic 
glomerulus no longer fills the capsule, but leaves a space between the tuft 
and capsule wall Finally, the capsule, following the receding glomei- 
ulus, retracts and becomes attached to the tuft In sections these rem- 
nants of malpighian corpuscles resemble cell buds or groups lying between 
obliterating mesonephric tubules One other point was fully noticed by 
Mihalkovics, although he drew fiom it no theoretical or hypothetical 
conclusions, namely, that as the mesonephros shrinks, the medially 
attached genital gland enlarges, thus reversing the relative size of the 
two organs ‘Tnmarily the small genital gland rested on the medial side 
of the massive mesonephros, after its contraction insignificant rests of 
the mesonephros he on the lateral side of the now huge genital gland 
Mihdlkovics, however, did not trace further the details of this impressive 
phenomenon Later investigations have generally recognized and recorded 
it also without further comment 

The recent observations of Winiwarter and Sammont on the organo- 
genesis of the cat’s ovary have supplemented in certain details Mihal- 
kovics’ work They found that the transformation of those mesonephric 
parts which go to form epoophoron and paroophoron commences with a 
pigmentary degeneration of the lining cells of the convoluted tubules 
This epithelium becomes swollen, coarsely granular and later desqua- 
mated, and in advanced degeneration narrow tubular canals are found 
whose lumen is filled by pigment-granules It will be observed that the 
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changes described by Mibdlkovics and Winiwarter and Sainmont bear 
close resemblance to pathological lesions A further study, especially 
regal ding their histogenesis and causes, seemed, therefore, desirable, for 
such knowledge might prove of value m the interpretation of pathological 
processes 

The material at my disposal was by foice of circumstances limited, so 
that observations could not be made on a desirable extensive and detailed 
scale Much remains hidden which must be cleared by future investiga- 
tion But the results aie perhaps of sufficient interest to warrant this 
fragmentary report, more especially as they differ somewhat from pre- 
vious views ® The available material consisted of rabbit embryos from 
the fourteenth to the twent3^-sixth day of intra-uterine life, and marsupial 
embryos of Dasyurus viverrenvs, beginning with the fifth to sixth day 
and extending to the nineteenth day To obtain the full age of these 
embryos, about eight days intra-uterine life must be added 

These peiiods comprise from the early to the most active stages of 
mesonephric destruction The lesions appeared essentially the same in 
both animals The results aie, therefoie, presented together 

Certain histological modifications distinguish the destruction of the 
anterior portion of the mesonephros, which enters the service of the 
sexual gland from the posterior one, which is completely lost The 
involvement of both, however, becomes evident immediately after begin- 
ning growth of the sex gland and goes hand in hand with the latter’s 
development and differentiation In rabbits this commences from the 
fourteenth or the fifteenth day, in the dasyurus after about nine days of 
marsupial life, and then proceeds with great rapidily To begin with 
the changes in the anteiior portion of the mesonephros which lies m 
closest contact with the sex gland when an enlargement of the sex gland, 
which until then has only formed a thickening oi tubercle on the medial 
mesonephric side, is noticeable, there occurs in the vicinity of attachment 
to the mesorchium or mesovarium a small cell proliferation winch leads 
by rapid extension to a marked interstitial cell infiltration of the neigh- 
boring parts It thus involves diffusely the periglomerular tissue, but 
also spreads peripherally under the outer capsule From these points it 
penetrates by streaks into the glandular parts between the convoluted 
tubules 

The periglomerular infiltration surrounds and compresses the malpig- 
hian corpuscles, and involving Bowman’s capsule, invades their interior 
and gradually obliterates it The replacing cells have all the appearances 
of connective-tissue cells, first round, they soon acquire a distinct small 
and large spindle shape During this process the glomerular tuft is much 

8 I intend to publish at some later day a full, illustrated account of 
mesonephric degeneration 
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engorged, and hemorrhagic extravasations into the capsule, sometimes 
sufficient to destroy the whole tuft, may occur This loss of malpighian 
corpuscles in the anterior portion appeals to be one of the eailiest and 
most rapid manifestations of mesonephric degeneration 

Proceeding fiom this focus, streaks of interstitial cells extend to the 
teriitory of the tubules, wheie they meet similar invading cells fiom the 
subcapsular tissue This piogiess leads to marked thickening of the 
previously very thin intei tubular septa of the convoluted tubules, and is 
associated with a rather irregular engorgement and dilatation of capil- 
laries 

Coincident and probably not, or at least not solely, dependent on this 
cell infiltration, is marked parenclijunatous degeneration of the cells 
lining tlie tubules, closely followed by desquamation and pioliferation of 
this epithelium The cells become succulent, swollen, coarsely granulai, 
m many pigmentary granules appear, or small to large vacuoles (fat^) 
and hyalme diops They are then desquamated as a whole, or discharge 
granular masses and pigmented granules mto the lumen, forming casts 
The nucleus is well preserved to the last, and seems to succumb by kar) o- 
lysis 

Proliferation of the epithelium is very active, so that frequently 
several cell layers are formed But the new cells are soon overtaken by a 
similar fate In tubules in which the cells appear more resistant oi are 
perhaps later attacked, they seem to become higher and narrower, cylin- 
drical, as Mihdlkovics terms it, before they also undergo disintegration 
intimately, the tubules aie invaded and compressed b}" interstitial 
cells from the septa, broken and obliterated 'The collecting, straight 
tubules remain well preserved until late and are apparently lost by cell 
overgrowth without exhibiting the degenerative changes so conspicuous 
in the convoluted tubules 

Thus the anterior part of the mesonephros is generally overgrown by 
cellular fibrous tissue and contracts, and the remaining unmvolved tubules 
of the middle portion are drawn toward the territory of the meanwhile 
enormously enlarged sex gland, where they may be recognized for some 
time surrounded by iichly cellular connective tissue 

Somewhat different seems to be the fate of the posterior portion of the 
mesonephros which is doomed to complete annihilation Degenerative 
features seem to predominate in it almost entirely, and sclerotic changes*' 
do not take an active part in its destruction 

The changes appear very nearly about the same time as anterioily, 
possibly somewhat later Toward the end they proceed with great speed 
The glomerular coils become cellular and show swelling, turbidity and 
gradual fusion of capillary loops This may involve at a time only a 
number of loops, and the remaining ones show then a marked capillary 
dilatation and engorgement The fused coils become generally adherent 
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to some part of the capsule, very much as m nephritis, the glomerulus 
retracts and the capsular space is widened The capsule wall shows 
usually swelling, but no cellular thickening, and remains intact until the 
■nhole capsule collapses from loss of the glomerulus Such pictures 
resemble those described by Mihdlkovics, but I have been unable to 
observe the swelling and obliteration of the glomerular afferent vessel to 
which he ascribes glomerulai retraction and loss On the other hand, the 
degenerative changes in the convoluted tubules are similar to those in the 
anterior portion, and there exists also ii regular intertubular engorgement 
and dilatation of capillaries 

Cell overgiowth, which forms so conspicuous a feature of the destruc- 
tion of the anterior part, is posteriorly absent in the beginning Only 
later, in advanced degeneration, foci of spindle-cells are seen between the 
tubules, around capillaries, and somewhat more abundantly at the per- 
iphery under the capsule It is not possible to state how far they may 
enter into the very last phases of destiuction These are very difficult to 
determme, as they proceed with extraordinary rapidity In rabbits the 
whole disappearance is carried on from the nmeteenth to the twenty-sixth 
da 3 and the final solution of the posterior part between the tw'ent 3 "-first 
to the twenty-fifth day On the twenty-fifth day very little remains 
During the early stages of the lesion, new tubules aie said to be 
foimed Felix attributes these either to scattered cells in the surrounding 
mesoderm or to budding of tubules and malpighian corpuscles With 
regal d to this it may be stated that no evidences of budding of either 
tubules or malpighian corpuscles were seen in this series, although cell 
proliferation within tubules and glomeruli occuis 

The lesions briefiy described above attract attention on account of 
their similarity in character, genesis and distribution to certam types of 
degenerative and productive nephritis Indeed, so close is this relation 
that one may speak of an acute destructive mesonephritis 

An investigation into its cause and significance seems, therefoie, 
woith ivhile 

2 Three possibilities may be entertained in regard to the cause of 
mesonephric retrogression 

A It may be due to crowding of the tubules within a small space 
To this has been attiibuted the early involvement of the most eranially 
situated tubules Felix, however, regards this as a very subordinate, if 
any, cause for the reason that the mesonephric arteries show at no time 
any indication of crowding by being bent in their course, but, on the 
contrar 3 ', remain perfectly horizontal There is, moreover, as seems to 
me, no histological evidence of crowding at any time, noi is the histo- 
genetie picture of the retrogression itself in harmony with this view 
B Mesonephric loss ma}'^ be essentially due to interference and 
obliteration of its blood-supply This is also not borne out by the facts. 
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In the first place, the degeneration commences at a time when the 
mesonephric blood-supply is still quite adequate and sufficiently intact 
to allow the formation of new tubules In the second and most important 
place, the histological picture corresponds in no way to what is to he 
expected after quantitative interference with the blood-supply of an 
oigan Two things may occur as the result of this, atrophy or infarc- 
tion Here we have neither, but an extensive active cellular proliferation 
and invasion associated with a characteristically located rapid paren- 
chymatous degeneration Both go far beyond the limits of the lesults 
of simple quantitative interference with the vascular supply of an organ 
Furthermore, the irregular streaky advance of the lesion, attacking 
certain parts while others are still intact, the capillaij engorgement, 
degenerative cell waste and parenchi’matous and inteistitial cell pro- 
liferation leading to extensive cicatrization relate it to the inflammatory 
conditions 

Q There remains then the possibility of an influence which is con- 
veyed to the mesonephros from other parts In this connection attention 
IB immediately arrested by the peculiar relation in which growth and 
development of the medially attached sex gland stand to mesonephric 
destruction 

They commence in closest association with each other and progress 
in inverse ratio Indeed, rapidity of growth and differentiation in one, 
and corresponding destruction and loss of the other are impressively 
associated In paiticular, the earliest and most pronounced changes 
leading to loss of raalphigiau coipuscles in the anterior part take place 
at the point of most intimate connection, and the degeneration appears 
to acquire momentum with progressing maturitj of tlie genital gland 
We are confronted, therefore, by the question of a possible antagonistic 
influence of the latter on the mesonephros, and it is necessary to inquire 
how well such an idea is founded 

3 The idea of antagonism between cells, tissues and organs is by 
no means new It has been emphasized by several biologists that among 
the forces which shape phylogenetic and ontogenetic evolution, antag- 
onism between organs may be of as great an importance as correlation 
or altruism As early as 1876 Boll, in ^‘Prineip des Wachsthums,” 
said 

Microscopic investigation has demonstrated xn the peaceful egg the existence 
of highly dramatic processes ■which, out of compliment to a much-beloved termin- 
ology of doubtful value, I shall link together under the title of “the struggle of 
the tissues 


9 Die mikroskopische Untei sucliung hat im Fneden des Eies die Existenz 
hochst dramatischer Vorgdnge nachgeiviesen, welche ich aus Konzession an eine 
sehr beliebte Terminologie von ziveifelliaften Werthe unter der Bezeichnung des 
Kampfes der Geweie ziisammenfasSen will 
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It IS well known that Eonx has elaborated these ideas in his well- 
known monograph, ^'Der Kampf der Theile im Organismns,” and recently 
von Hansemann, in “Deszendenz und Pathologie/’ has added anotliei 
illuminating discussion of the subject The individual organism reflects 
to a great extent the forces which move a community of mdividuals 
In phylogeny, correlation and altruism of individuals are supplemented 
by a necessary antagonism to insure preservation and progress of the 
individual within the community, in ontogeny similar forces are repeated 
in the relation of cell to cell, tissue to tissue, organ to organ Thus 
weak and unnecessary organs which can no longer hold their own in 
the community of organs are removed, and the organism is freed from 
what would otherwise be a disadvantageous burden in its evolution 
We have certain reasons to suspect that on such antagonistic actions 
rest the disappearance of various embryonic structures, the thymus, for 
example, but in most instances this suspicion can only be vague The 
case under discussion, however, presents apparently a deflnite instance 
of growth and development of one organ at the expense of another 
How IS this accomplished? 

Goethe, St Hilaire and Eoux have drawn attention to the fact that 
nutritive struggle plays an important role in mutual antagonism, for 
if one part leceives for its growth a large supply of the available nutri- 
ment, others must suffer They termed this the law of compensatory 
growth Darwin, however, while admitting its importance, rather 
regarded it as a suboidinate influence Eoux believes, nevertheless, that 
such nutritional influences are by no means always of the ordinary direct 
mechanical circulatory nature, but of a much more complicated charac- 
ter He draws attention to the fact that women who nurse foi years 
are \ery susceptible to osteomalacia because, he believes, of constant 
withdrawal of calcium salts in the milk, which is, therefore, unavailable 
foi the bone The antagonism or, as he calls it, “struggle of the mam- 
mary glands with the bones,” is characterized by greater strength of 
the former to attract and hold calcium salts Later investigators have 
endeavored to trace this to a direct influence of the sex gland It is 
possible that a nutritive struggle may enter into the antagonistic rela- 
tions of mesonephros and sex gland But it must be considered doubtful 
whether it can be regarded as the sole cause of mesonephric loss, for cer- 
tain features distinguish this from nutritive disturbances The meson- 
ephros IS apparently attacked by a distinctly irritative, destructive and, 
if the term is permissible, formative stimulus which leads to its speedy 
exitus 

Agam, in modern investigations many phenomena of organic inter- 
relation are attributed to hormones Hormones may be defined as 
messengers from one organ to another which either excite or inhibit 
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functional activities The process under consideration can, therefoie, 
hardly be grouped within the ordinary understanding of hormone action 

Its exact nature remains unknown 

Even if we were obliged to leave this point in abeyance, however, 
we may go further and ask whether the possibility of similar antagonism 
between organs may not outlast embryonic life and continue throughout 
postnatal existence Here we touch on pomts of great importance to 
the pathologist We are dealing in the embryo, as has been shown, with 
a mesonephritis which cannot be attiibuted to bacterial or an outside 
toxic influence It is the result of a true auto-mtoxication We may, 
therefore, ask more specifically, whether similar phenomena continue 
after birth In other words, if, as seems highly probable, antagonism 
of organic umts is one of the moving forces m the life of all individuals 
from practically the first division of the ovum to death, may it not 
enter more than hitherto supposed into production, manifestation and 
outcome of diseases Perhaps etiology has for practical reasons been 
too anxious to attach an almost exclusive importance to external causes 
of disease, and has neglected a study of those internal conditions which 
prepare and make possible the development and specificiiy of morbid 
processes 

The consideration of these problems reaches at present the border- 
land of pure speculation, but future investigations may put them, like 
many other at first sight phantastic views, on a sound disputable basis 

Finally, we must record wdiat is known of any possible function of 
the mesonephros in animals in which the renal activity has been handed 
over to the metanepliros 

Has the persistence of the mesonephros thiough at least part of the 
evolution of the individual anj'- significance ^ This problem is intimately 
connected wnth the previous one 

Johannes Muller, who discovered its capillary tufts, believed that 
the Wolffian tubules secreted urine wdiich passed through the wolffian 
duct into the cloaca or allantois 

Mihdlkovics came to the conclusion that the amniotic metanephros 
does not, in all probability, assume the functions of urine secretion sud- 
denly or abiuptly, as a considerable pait of the w^olffian body still exists 
at a time of advanced development of the metanephros There exists, 
in his opinion, a period wdien both organs functionate jointly as excretory 
organs Mihalkovies sought support of this contention in the phylo- 
genetic history of the mesonephros, particularly in its continuation 
through the early part of postnatal life m reptiles This, in Mihalkovies’ 
opinion, would indicate that among the longest forms of amniotes the 
metanephros is assisted in some way and at least for a time by the 
mesonephros He concludes that m the evolution of amniotes there 
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existed antecedents, noiv extinct, in which the mesonephros persisted 
throughout life, while the metanephros remained incomplete and small 
This first anlage of the metanephros gradually developed through 
increasing and complicated demands to the size and importance of the 
present organ 

Bonnet- also states that he has found urine in the mesonephric tubules 
of pig emhr 3 ^os commencing with 1 cm length and in the metanephric 
tubules in embryos fiom 8 cm length 

In man the mesonephros acquires, as already emphasized, a consider- 
able high state of differentiation There aie, nevertheless, certain points 
which speak against its excretory activity in man Most important is 
in this respect its early degeneration, which, according to Felix,- com- 
mences even before the organ has fully developed Again, man lacks 
a vesicular allantois and uiinaiy bladder in early life, and the urogenital 
sinus does not open to the outside until the embryo has reached a length 
of 14 mm (Bonnet) Bonnet states that the excretion of nitrogenous 
waste-products and elimination of water probably take place in the 
region of the allantois oi by the chorionic circulation, and later by the 
umbilical vessels in the placenta It is, therefore, generally held that 
the mesonephros in mammals and particularly man possesses no excre- 
tory renal function 

Is then the mesonephros a purely rudimentary organ which enters 
in no way into the welfare of the organism ^ Its very existence and high 
grade of differentiation would argue against it, for complete loss of 
function leads usualty to either entire loss or a very incomplete appear- 
ance of an oigan in later stages of phylogenetic evolution This, for 
example, is the ease with the pronepliros, whose very incomplete appear- 
ance in higher amniotes excludes almost with certainty the possibilit 3 ’^ of 
any function whatever 

Following and guided by the histoiy of some other organs of internal 
secretion, an effort has lately been made to find similar evidences for 
the mesonephros, but practically very little has been accomplished in 
this regard 

The recent observations of Kermauner’^® offer perhaps a clue in this 
direction According to him the absence of the wolffian bodies is incom- 
patible with life and leads to early death of the fetus He, therefore, 
regards the mesonephros of higher animals no longer as an organ of 
excretion, but of internal secretion (hormones) and assimilation 
Kermaunei points in support of this idea to the rich blood-supply of the 

10 Ivermauner Das Fehlen beider Keimdrusen, Beitr z path Anat , von 
Ziegler (now Marchand and Aschoff), 1912, hv, No 3, p 478 

Wolff, B Ueher foetale Hormone, in Handhucli dei Biochemie von Carl 

Oppenheim, Erganzungshand, 1913 
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inesonepliTos witli the numerous segmental arteries and veins "which go 
to form its characteristic portal circulation 

He eoncluaes that the wolfBan body is essential for certain periods of 
life, first in the development of the placenta,^ and secondly in comple- 
menting assimilative functions of other fetal parts until the appearance 
of permanent organs, notably the liver, renders this unnecessary The 
specific functions of the vmlffian body are then no longer required, the 
fetus passes to new phases of life, and the mesonephros makes its exit 

It must, however, he mentioned in this connection that the anlage 
of the mesonephric portal circulation in man is, according to Felix, only 
very shoit-lived, since in his observations the subcardinal veins and the 
transverse mesonephric branches are in act of degeneration in an 
embryo of 1% 5 mm greatest length Kermauner’s views are in their 
attempt of direct definition of mesonephric functions at the best very 
hypothetical, and need additional facts for sound basis On the other 
hand, it is of course well Imown that certain organs of internal secretion 
or specific metabolic activit}'^^ functionated originally as organs of 
external secretion They present, therefore, the peculiar phenomenon 
of functional mutation during phylogenetic evolution with morphological 
persistence Perhaps the thyroid gland furnishes the best example of 
this type, for whether we agree with Gaskell’s extreme view that these 
glands were originally uterine, oi whether we regard them, more con- 
servatively, as derivatives of mucous glands,^® the fact remains that they 
have undergone a functional mutation but have retained the acinar 
tubular structure which is characteristic of glands with an external duct 

Two possibilities may exist in this transformation of glands of exter- 
nal secretion to glands of internal secretion and specific metabolic 
functions First, the glands possessed originally only the function of 
external secretion, and the others have been acquired or developed 
entirely de novo after the usefulness of the gland as an organ of external 
secretion has been ended 

This would seem an unsatisfactory and unintelligible explanation, 
for it accounts in no way for the manner in which the new functions 
oiigmated while stiucture and arrangement of the parts continued 
On the contiary, one would expect here as in other tissues that loss of 
function would go hand in hand with loss of structure or alteration in 

11 I use the two terms “internal secretion” and “specific metabolic activity” 
because the influence of these glands may be due to other factors besides internal 
secretion Certain observations by Milne and Peters (Observations of the Glyco- 
lytic Power of the Blood and Tissues m Normal and Diabetic Conditions, Jour 
Med Research, 1912, xxvi, 415) make this probable for the pancreas 

12 Gaskell See Footnote 2 For the evolution of the ductless glands con- 
sult Hertwig’s Handbuch der Entwicklungsgeschichte 
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function with alterations in structure and rearrangement of parts 
This IS the rule under physiological and pathological conditions 

A second possibility seems, therefore, much more plausible and stands 
on some facts glandular organs possess from their origin functions of 
external and internal secretion and specific metabolic activities The 
exercise of these is initiated, developed and modified by the environment 
If thus, through evolutionary agencies, the necessity or even possibility 
for external secretion no longer exists, it ceases, but the gland still 
retains its functions of internal secretion and specific metabolism 
If now, further, no soil for this internal secretion has been developed,^® 
or if the activity as a special metabolizer is no longer required, the gland 
IS lost from disuse It is very possible that under such circumstances its 
removal is expedited by the antagonistic action of other glands If, 
however, a receptive soil for its internal secretion has been created and is 
retained during consecutive periods, or if its specific metabolizing func- 
tion IS adapted for succeeding evolutionary stages, the gland is not only 
retained, but strong!}'' specializes under these stimuli in either one or 
both of these directions It may thus acquire an even greater infiuence 
on the internal economy of the organism than it formerly possessed with 
divided functions and, in turn, may play an important part in future 
evolution 

We know, for example, that man still possesses several glands with 
external secretion which in addition are capable of and do exert strong 
internal influences, notably the testicle and the pancreas The older 
idea that these organs contained specific structures for internal secretion 
or special metabolic purposes has been replaced by the probably more 
correct view that the whole of the gland’s parenchyma is potent in these 
regards This is certainly true of the pancreas, probably also of the 
testicle, for while an internal secretion has been attributed to its inter- 
stitial cells, it seems certain that the glandular secretion which, moreovei, 
IS discharged only at relatively long intervals, exerts a veiy decided 
influence particularly on muscles and brain 

13 In discussions of the disorders of internal secretion, perhaps insuflScient 
attention has been paid to the importance which the soil may exeicise in this 
connection It is evident, however, that the effect of an internal secretion 
depends not only on the function of the gland, but also on the condition of the 
particular soil which has become receptive to the secretion It would seem, 
therefore, that disturbances may arise not only through glandular disorders, 
but also through developmental or acquired faults of the soil This mutual 
relation may play an even greater part when close anatomical and physiological 
connections existed during embryonic life Finally, it seems not improbable that 
internal secretions may be modified on their way by passage through other glands 
Tnis opens another opportunity for variations 

14 Milne and Peters See Footnote 10 Potter and Milne Bronzed Diabetes, 
Am Jour Med Se , 1911, evliii, 46 



HORST OERTEL 


789 


The interesting and peculiar mutation of function with morphological 
persistence in glands is then rendered intelligible when we regard it as 
a relative one, representing rather a specialization than a new acquisition 
The role which these organs are to play in life and the duration of their 
existence aie determined by first, the period of evolution at which the 
mutation occurs, secondly, the nature of their internal secretion or 
metabolism, and thirdly, their relationship to a particular soil or phase 
of general metabolism Consequently these organs become arranged 
according to periods of evolution, and appear and disappear with them 
Here as elsewhere ontogeny appears as a recapitulation of phytogeny 
The mesonephros, although short-lived, ma3q nevertheless, exercise 
an influence on human fetal life and development not unlike that of 
other fetal and infantile structures It cannot, in view of what has been 
presented above, be denied But this question is, lilce the others, still 
far from being solved, and we possess to-day only two definite observa- 
tions in this regard its complete and high degree of development and 
differentiation, and the statement advanced by Kermauner that its 
absence is not compatible with life A third, but much more uncertain, 
point might be construed from its relation to the genital gland This 
appears to owe its inception, growth and differentiation to the meso- 
nephros, which it ultimately consumes Finally, a fourth, but equally 
uncertam conclusion, might be drawn from the histological pictures 
observed by Mihalkovics and Winiwarter and Sainmont These may 
indicate a secretory activity But we know from observations of the 
adult metanephros that such pictures are misleadmg^'^ and not conclusive 
These, then, are some of the problems which confront us in the 
study of renal evolution That their bearing is not only of special, 
but also of very general pathological interest, seems not doubtful enter 
these pages as a plea for their investigation and for a more careful 
consideration of ontogeny and phjdogeny by pathologists 

I have in conclusion many grateful acknowledgements to make Prof Arthur 
Keith, P K S , director of the Huntei lan Museum at the Royal College of Sur- 
geons, London, allowed me study of his specimens and put his technical assistant 
at my disposal Prof James P Hill, P E S , of University College, London, 
gave me free use of his collection of Dasyurus viverremis and much advice To 
Prof Richard Assheton, P R S , of the University of Cambridge I am particu- 
larly indebted, not only for many carefully selected sections of rabbit embryos, 
but also for a great deal of active help and counsel Last, not least, to my 
colleagues in the Gordon laboratory, Guy’s Hospital, Drs Laidlaw, Goodhart and 
Chisholm, I owe material and constant kind and helpful interest 
29 St James’ Street, S W 

16 Aschoff, L Zur Morphologic der Nierensekretion, Verhandl d deutsch 
path Gesellsch , Jena, G Pischer, 1912 

16 I have not touched at all in this communication on any possible differences 
in this process between male and female and, further, what determines the 
preservation and subsequent incorporation into the sexual system of certain 
mesonephric tubules These problems need special investigation 
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CYRUS W FIELD, MD 

NEW yoBK 

This method has been developed in the Pathological Department 
of Bellevue Hospital during the past six months as a result of a study 
on the routine Wasseimann reactions of five thousand patients These 
patients have stayed in the hospital three days oi longer, otherwise there 
has been no choice of subjects 

For a long time it has been felt that the only variable reagent in 
the Wassermann reaction has been the antigen Antigens have been 
made up from tlie alcoholic extracts of human s;yphilitic livers, human 
hearts and ox-hearts The values of these various antigens have differed 

TABLE 1 — Readings with the Saxie 


2 Serum A ^ Serum B 

g Antigen, Dil , c c g Antigens, c c 
Q1 080004020 09 Ol 080C04020 09 


0333320 0333332 

0333330 0333331 

0333310 0333333 

0333320 0333332 

0333330 0333332 

High, 15, low, 13 High, 18, low, 16 High, 15, low, 12 

In Tables 1 and 2, 0 = complete hemolysis, 1 = marked hemolysis, 2 = slight hemolysis 
Twenty-three other cases were 0 All these cases were specific as to history or lesion 
Forty other serums were negative 

considerably in each batch made up This is apparently due to varia- 
tions in the organs from single individuals Eoi this reason the extract 
from guinea-pig heaits has been preferred because a larger number can 
be used for each batch of antigen, so that the individual factor is 
reduced to the vanishing-point 

THE METHOD IN DETAIL 

The method of conducting the Wassermann reaction in this labora- 
tory IS as follows 

Patient’s Serum — The patient’s serum is poured off from the clotted 
blood and centrifuged The clear supernatant serum is removed and 


Antigen 


Antigen 1 
Antigen 2 
Antigen 3 
Antigen 4 
Antigen 5 


2 Serum C 
g Antigens, c c 
Ol 080604020 09 


0 3 3 3 3 0 0 

0 3 3 3 3 1 0 

0 3 3 3 3 0 0 

0 3 3 3 3 3 0. 

0 3 3 3 3 1 0 


* Submitted for publication March 3, 1914 
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inactivated at 56 C for lialf an hour A test-tube rack containing seven 
test-tubes is set up, and for the half quantity of the original Wasser- 
mann reaction 0 1 e c of the patient^s serum is pipetted into each tube 

Complement — The complement is obtained by bleeding at least 
three guinea-pigs and removing the serum after from twelve to eighteen 
hours This serum is diluted 1 part of serum to 8 of physiological salt 
solution , 0 5 c c of this diluted complement is added to each one of 
the seven tubes 

Indicator — The indicator used to detect the presence or absence of 
the complement is 0 5 c c of a 5 per cent suspension of sheep-cells, 
to which has been added 0 5 c c of a dilution of amboceptor of such 
strength that each cubic centimeter contains four hemolytic units This 
mixture is allowed to incubate at 37 C for half an hour before being 
added to the Wassermann system It has been found fioni a study of 
over ten thousand Wassermann reactions that the native amboceptor 
occurring in human blood may be disregarded if this be done 


SEEtTMS WITH FiVE DirFEBENT ANTIGENS* 
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High, 12, low, 11 High, 9, low, 7 High, 15, low, 13 High, 4, low, 2 

and 3 = no hemolysis 


Antigen — The antigen that is now used is an alcoholic extiact of 
gumea-pig hearts to which has been added enough cholesterin to bung 
it to the half-saturation point When the pigs are killed the heart is 
removed, and all blood present in the cavities is removed by massaging 
with a clean towel The heart is weighed, this weight being recorded 
on the ]ar in which the heart is preserved until a sufiSeient amount has 
accumulated In preparing this antigen at least 300 gm of guinea-pig 
heart, after having been finely ground, is extracted for fourteen days 
at 37 C with 3,000 c e of absolute alcohol, chemically pure It is then 
filtered, and half the filtrate is placed in a flask and an excess amount 
of chemically pure cholesterin is added It is allowed to stand in the 
incubator over night The next morning the flask is removed from the 
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incubator and placed in a constant temperature bath at 16 C for three 
hours This is to precipitate the excessive amount of cholesterin 
It IS now filtered and this saturated cholesterin solution is added to an 
equal quantity of the filtered alcoholic extract Twenty cubic cen- 
timeters are removed with a pipet and placed in a weighed dish and - 
evaporated at 56 C. to dryness It is then placed in a desiccator for 
twenty-four hours over sulphuric acid and then weighed It is thus 
deteimined what the total lipoid cholesterm concentration of this alco- 
holic solution is After having determined this, it is tested for its 
anticomplementary effect 

In all, five different lots have been made up by this method, and 
they have been remaikably constant in their total hpoid concentration 
and then anticomplementary value, and, as will be seen from Table 1, 
in their antigenic value 

Dilution for Us^ — One cubic centimeter of the alcoholic extract is 
added to as many cubic centimeters of salt solution as is necessary to 
make the lipoids and cholesterin weight equal to 0 1 mg per cubic centi- 
meter That IS, if 100 c c of the alcoholic extract contain 0 780 gm , 
we add 1 cc of this to 77 cc of physiological salt solution This is 
the first antigen dilution, and 1 c c is placed in the second tube in the 
rack (the first tube containing only salt solution and no antigen, this 
bemg the control) In the third tube is placed 0 8 c c of this antigen 
dilution, in the next 0 6, in the next 0 4, in the next 0 3, and in 
the next 0 09 This gives us a senes of antigen tubes with decreasing 
amounts of antigen and a constant amount of serum Enough 0 8 per 
cent sodium chlorid solution is added to each tube to make the total 
volume 1 6 c c The antigen can be diluted with the sodium chlorid 
solution before it is added to the tube, this is peihaps easier to do The 
reading is made as soon as a control set of tubes containing complement 
and the various strengths of antigen, and the control tube in the indi- 
vidual set, show complete hemol 3 ^sis 

Only four degrees of hemolysis are observed in the tubes zero, 
equaling complete hemolysis, 1, maiked hemolysis, 3, slight hemolysis, 
and 3, no hemolysis In tins v ay, having three degrees of inhibition for 
each tube and six antigen tubes, we have a total possibility of eighteen 
units, provided complete inhibition occurs in all these tubes Less than 
0 5 per cent of all positive cases give eighteen or more units 

Duplicate tests of patient’s serum, unknown as duplicates to the 
person who made the readings, came out withm one or two units of each 
other constantly The tests on the five different batches of antigen made 
up with this procedure have shown no greater differences with the same 
serum, that is, one or two units This is a much more constant reading 
than we have been able to obtain with any antigens heretofore With 
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this method the antigen is practically as constant in quality as is the 
amboceptor or complement 

Table 1 shows a series of readings with the same serums with the 
five different antigens Table 2 shows duplicate serum readings with 
one of the antigens 


TABLE 

2 — ^Duplicate 

ScRrai 

Readings with 

One of 

THE Antigens 









Units of Units in 

Serum 

Control 

1 

08 

06 

04 

02 

0 09 

Serum 

Sp FI 

J K 

0 

3 

3 

3 

3 

3 

0 

15 

15 


0 

3 

3 

3 

3 

3 

0 

15 


T B 

0 

3 

3 

3 

3 

2 

0 

14 



0 

3 

3 

3 

3 

3 

0 

15 


P C 

0 

3 

3 

3 

3 

3 

2 

17 

15 


0 

3 

3 

3 

3 

3 

2 

17 


J L 

0 

3 

3 

3 

3 

3 

2 

17 



0 

3 

3 

3 

3 

3 

1 

16 


M 

0 

3 

3 

3 

0 

0 

0 

9 



0 

3 

3 

2 

0 

0 

0 

8 





CONCLUSIONS 






1 The eholesterm^ guinea-pig heart antigen is readily obtained and 
constant m its antigenic value (This has already been suggested by 
Swift and Ellis and others ) 

2 A series of dilutions of the antigens is obtained by' weight, which 
has been shown to give constant results 

3 A Wassermann reaction may now be standardized so that the 
readings will agree very closely in far distant laboratories 

4 In the use of this antigen the patient’s serum must be inactivated 

5 There must be more than two units of complement 

6 The red cells must be sensitized by the amboceptor before being 
added to the system 

This antigen has been criticized as being too delicate and as giving 
positive results in non-specific cases 

More than five thousand cases were run in duplicate, one set with 
this antigen and the other with an acetone-insoluble antigen from 
ox-heart There were 8 per cent positive with the cholesterin guinea- 
pig heart which were negative with the ox-heart, but in none of them 
was it possible to exclude syphihs, in fact, the vast majority of them 
showed luetic mfection or the results of such an infection, or had a 
positive history 

A more detailed paper will be published later, giving the results of 
this method as applied to treatment and in the individual variations 
of the Wassermann reaction in the same individual over various periods 

Pathological Laboratory, Bellevue Hospital, Twenty-Ninth Street and First 
Avenue 



A STUDY OF THE ACTION OF ATEOPIN ON THE 
EOSINOPHIL CELLS OF THE BLOOD 

W W HERRICK, MD 

Nrr\V TORK 

Our Icnowledge of the functions of the eosinophil cells is slight 
The most important and perhaps the only well-demonstrated function 
of these cells is their association with the reaction of the body to the 
invasion of alien protein The notable rise in number of eosinophils in 
the circulating blood following the parenteral introduction of various 
proteins is now veil known By the work of Schlecht/ Schlecht and 
Schwenker,- Schittenhelm, Weichaidt and Grisshammer,^ Stauhli,'* 
Herrick,® and Ahl and Schittenhelm® it has been thoroughly established 
that the subcutaneous, intraperitoneal oi intravenous introduction of 
alien proteins at longer or shorter intervals is followed by a definite 
eosinophilia of the blood Particularly is this a feature of the post- 
anaphylactic stage following the injection of protein at mtervals of five 
days or more The eosinophilia following administration of diphtheria 
antitoxin and of tuberculin has been recognized for a still longer time 
Possibly the eosinophilia obseived during convalescence from various 
infections is a manifestation of the same response on the part of the 
living oiganism to the invasion of foieign protein 

Since the problem of immunity is bound up with that of the adapta- 
tion of the body to alien protein material, and since the eosinophils 
have such close relation to the process, any study throwing light on the 

* Submitted for publication March 3, 1914 

* From the Department of Practice of Medicine, College of Physicians and 
Surgeons, Columbia University, New York 

1 Schlecht Ueber die Einwirkung von Seruminjectionen auf die Eosmophilen 
und Mastzellen des menschliclien und tierischen Blut, Deutsch Arch f klin Med , 
1910, veviii, 308 

2 Schlecht and Schwenker Uebei die Beziehungen der Eosinophilic zur 
Anaphylaxie, Deutsch Arch f klin Med , 1912, cviii, 405 

3 Schittenhelm, Weichardt and Grisshammer Eiweissumsatz und Ueber- 
empfindlichkeit, Ztschi f exper Path u Tlierap , 1912, x, 3, 412, Ueber den 
Einfiuss parenteral verabieichter Proteinsubstanzen verschiedener Herkunft auf 
das Blutbild, ibid 

4 Staubli Die klinische Bedeutung der Eosinophilie, Ergebn d inn Med 
u Kinder, 1910, vi, 12, Ueber Eosinophilic, Samml klin Vortr, 1909, clxvii, 43 

5 Herrick, W W Experimental Eosinophilia with an Extract of an Animal 
Parasite Its Relation to Anaphylaxis and Certain Clinical Problems, The 
Archives Int Med, 1913, xi, 165 

6 AJil and Schittenhelm Ueber experimentelle Eosinophilie nach paren 
teraler Zufer verschiedener Eiweissstoffe, Ztschr f d ges exper Med , 1913, 
1 , 111 
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functions of these impoitant cells offers at least the chance of illuminat- 
ing the larger problem It has been with this possibility in mind that 
the study of the effect of atropin on the eosinophils was undertaken 

Ehrlich, cited by Mayer, has remarked that too little experimenta- 
tion has been done on the relation of the eosinophils to chemical sub- 
stances, and that the results thus far obtained have been inconstant 
because insufficient material has been used in such experimentation 
In the present study of the influence of a chemical substance on the 
eosinophils it is thought that sufficient material has been used to meet 
this very appropriate objection 

Atropin was not selected at random, neither is the piohlem the 
narrow one that would at first thought appear Auei® has recorded the 
observation that anaphylactic shock in guinea-pigs may be prevented 
by the in 3 ection of from 0 5 to 1 mg of atiopin Since eosinophilia so 
constantly follows recovery from anaphylaxis, it is of interest to learn 
whether or not atropin influences the cellular reaction Again, a clinical 
problem is concerned in the question of the control of the eosinophils 
by atropin The term ‘^eosinophil diathesis” has found its way into 
medical teiminology Under this heading are classified those persons 
pione to bronchial asthma, mucous colitis, urticaiias and allied condi- 
tions that have as a frequent accompaniment an eosinophilia of the 
blood Eppingei,° in a description of the somewhat vague clinical con- 
cept called “vagotonie,” states that cases chaiacterized by excessive 
functioning of the autonomic nervous system, “vagotonikeis,” show an 
excess of eosinophils in the circulating blood, which excess can be reduced 
by atropin Uo experiments are cited in support of this statement 
It has been suggested elsewheie that there is a relation between the 
problems of anaphylaxis, eosinophilia and that of bronchial asthma, 
that substances capable of influencing the eosinophil cell might be of 
clinical use m dealing with that baffling symptom asthma With these 
questions in their somewhat complex relations in view, the study of the 
influence of atropin on the eosinophils was undei taken 

METHODS OF STUDY 

Guinea-pigs were chosen for experiment for reasons sufficiently 
explained in numerous other communications by various writers The 

7 Meyei Die klinisclie Bedeutung der Eosmophilie, Berlin, S Karger, 1905 

8 Auer The Effect of Vagus Section on Anaphylaxis in Guinea-Pigs, Jour 
Exper Med , 1910, xii, 638 

9 Eppinger and Hess Die Vagotonic, Samml klin Abhandl , 1910, ISTos 9 and 
10, p 41 Hopkins A Clinical Study of Vagotonia, The Arcuives Int Med , 
1913, XU, 656 

10 For discussion of the blood-picture and blood reactions of the guinea-pig 
the following may be consulted 

Opie The Occurrence of Cells with Eosinophil Granulations, and Their 

Relation to Nutrition, Am Jour Med Sc, 1904, cxxvii, 217, An Experi- 
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blood-counts weie made by the method most commonly in use in clinical 
work Blood was taken from the ear The usual pipet giving a dilution 
of 1 10 was used to determine the total number of leulcocytes, while 
for the differential count smears were made, stained by Wright’s stain, 
and 200 cells counted with the oil-immersion lens Several control 
counts were made before beginning each experiment In all ten guinea- 
pigs were used Atropin was given in a 10 per cent solution bj hypo- 
dermic injection The horse-serum was given intraperitoneally The 
dates of the blood-counts, and the amounts and times of administration 
of atropin and of serum are detailed in the accompanying charts, 
together with the curve illustratmg the variations in total numbers of 
the eosinophil cells in a cubic millimeter of blood The dosage of 
atropin was large, allowing for the tolerance to this drug shown by 
the graminivora 

PBOTOCOLS OF EXPERIMENTS 

Expebiment 1 — Guinea-Pig 1 weiglied C40 gm Control counts showed con- 
stant eosinopliilia, from 817 to 4,867 in a cubic milliineter From June 27 to 
July 23 eleven doses of atropin sulphate, 0 002 gm , were given From July 29 
to August 13 ascending doses of from 0 04 to 0 15 gm were given Exact amounts 



Chart 1 — ^Experiments on Guinea-Pig 1 In the charts the atropin dosage is 
given in grams, the figures preceded by the letter “A,” and the serum is given 
in cubic centimeters, the figures preceded by the letter “S ” 


mental Study of the Relation of Cells with Eosinophil Granulation to Infec- 
tion with an Animal Parasite, ibid , 1904, cxxvii, 477 
Staubli Trichinosis, 1909, p 107 et seq 
Gulland and Goodall The Blood, 1912, p 76 

Kanthack and Hardy Wandering Cells of Mammalia, Jour, Physiol, 
London, 1894, xvii, 81 

Herrick, W W Footnote 5 

Klineberger and Karl Die Blutmorphologie der Laboratonumstiere, 
Leipsic, 1912 
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and times of administration may be learned from Chart 1 There was definite 
fall in the eosinophil curve during the last ten days of the experiment, the period 
of administration of huge doses of atropin At the same time there were toxic 
symptoms loss of weight, roughening of the coat, weakness, loss of appetite, 
lessened activity, etc Weight August 14, 692 gm 

Experiment 2 — Guinea-Pig 2 weighed 670 gm Control counts showed 
eosinophils varying in numbers from 1,950 to 5,340 Erom June 30 to July 22, 
ten doses of atropin sulphate 0 002 gm , were given on alternate days without 
influence on the numbers of these cells Prom July 23 to August 12, atropin 
sulphate in amounts from 0 04 to 0 15 gm were given daily or every second day 
No notable fall in the eosinophil curve was apparent Toxic symptoms were 
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Chart 2 — ^Experiments on Guinea-Pig 2 




IC, T.? q U 13 IF n IRII 13 iraxq 311^ 


Bjg BBBE^MBBBBBiiMBEiEaBEiIiliaBBBaalEp 

BaBBBKaBBBBBaaaBBnBBBSBBBBgiiini 




BBBBBBaEiBBBBBBBBBBBBaBBBBBllIBBBBBBBBBBBBBBBBBQnB 

BBBBBBEiSi ^BBBBBBBBBBBBBBBBBBIHBBBBBBBBBBBBBBBBBBIIlB 

^IlIBBBBBBBBBBBBBBBBBBinr 



IBBBBBB BBBBBBBBBBBBBBBIHBBBBBBBBBI 
IBBBBflBiBBBBBBBBBBBBBBll1BBBE^<nBBBI 

BBBBBBBBBBBBBBBBBBBBBBllBBBBflBBBBI 

BBBBBBBBBBBBBBBBBflBBBBBBBBBBiBBBBBWBBBBBflflBBBBBBi 
.BBBBBBBBBBBBBBBBBBBBBBBBBBI 


■|BnBBBB»BBBBBBRBBBBIiBll 
~ nilBBBBBllBBBBBriWBBBflB T 


iBBBBBBBBBBBBBBflBBBBBBWBHBBinilBBBnBISBBBBBBBBBBIIBII 

BBBBBBBBBBBBBBBBBBBBBIIBtlBBIIBlIBBBfMBKSBBBBBBBBIIBII 

BBBBBBBBBBBBBBBflflBBBBIIBlIBBliBlIBBariBBBBBIflnBnBBBIlBII 
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Chart 3 — Experiments on Guinea-Pig 3 
hour after the atropin 


* June 26, the serum was given one 


produced of a character similar to those described in the case of Guinea-Pig 1 
Weight August 13, 618 gm 

Experiment 3 — Guinea-Pig 3 weighed 500 gm Duiing the control period 
no eosinophils were found in the circulating blood Interval injections of serum 
after the third were followed by the usual eosinophilia Atropin in large amounts, 
from 0 03 to 0 15 gm on the day before that of the injection of serum apparently 
inhibited the rise in number of eosinophils in two instances, but in one instance 
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did not pi event the development of a marked eosinophilia, winch occurred despite 
daily injections of large amounts of atropin for a period of twelve days The 
results in this instance are therefore contradictory 

Experiment 4 — Guinea-Pig 4 weighed 480 gm The eosinophil response on 
the part of this animal to repeated injections of serum was slight though definitely 
present This may have been due to the apparent general feebleness of the 
animal, which succumbed to a dose of atropin sulphate, 0 1 gm Atropin given in 
doses of 0 002 or of 02 gm at the time of administration of serum had no appar 
ent effect on the subsequent rise in number of eosinophils 

Experiment 6 — Guinea-Pig 5 weighed 500 gm This animal was used as a 
control to show the effect of interval injections of serum on the eosinophils 
Atropin sulphate, 0 04 gm , given at the time of the sixth inoculation of serum, 
apparently exerted an inhibitory influence on the subsequent eosinophilia This 
eosinophilia, though piesent, was much less than in the two preceding instances 
following inoculation of serum alone, and may possibly haie been a result of the 
action of atropin 
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Chart 4 — Experiments on Guinea Pig 4 * 111, weak, died 
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Chart 6 — Experiments on Guinea-Pig 5 


Experiment 6 — Gumea-Pig 6 weighed 480 gm Control counts of eosinophils 
showed fiom 270 to 648 Three injections of seium alone at intervals of from 
seven to twelve days ivere followed in case of the last two by increase of eosin- 
ophils, the maximum number being 4,638 July 29, atropin sulphate, 0 02 gm , 
with serum, 6 c c , was injected There was response on the part of the eosinophils, 
their numbers rising from 836 to 2,362 forty-eight hours later August 4, atropin, 
0 04 gm , was injected August 5, serum, 5 c c, was injected Eosinophils, absent 
on the 5th, rose to 1,120 the 6th, a much lower figure than that seen after other 
injections of serum alone in tins animal August 11, eosinophils were 576 
Atropin, 0 1 gm was injected August 12, eosinophils were 1,581 Serum, 
5 c c was injected August 14, eosinophils were 864 In this instance the usual 
rise in the number of eosinophils was lacking 

Experiment 7 — Guinea-Pig 7 weighed 500 gm In this animal enormous and 
finally lethal doses of atropin did not prevent the development of the eosinophilia 
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consequent on the interval injections of serum, such an eosmophilia being present 
on the day of death 

ExPEEmENX 8 — Guinea-Pig 8 weighed 560 gm Control counts showed a 
moderately high eosmophilia, averaging 1 300 in a cubic millimeter Atropin 
sulphate, 0 05 gm , was given twice daily from December 1 to 9 On the latter 
date a single dose of 0 1 gm was given From November 15 to December 9 
four interval injections of serum, 5 c c , were given, the last injection being 
followed within two minutes by comuilsions and death It is of interest that 
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Chart 6 — ^Experiments on Guinea-Pig 6 
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Chart 7 — ^Experiments on Guinea-Pig 7 ^ Died 



Chart 8 — ^Experiments on Guinea-Pig 8 * Atropin sulphate, 0 05 gm twice 

daily Y Death in two minutes from convulsions 

the large amounts of atropin administered before the fatal injection of serum 
did not prevent the development of an apparent acute anaphylaxis The injec- 
tions of serum were not followed by any notable rise in the number of eosinophils 
Throughout the period of administration of atropin and serum the average level 
of the eosinophil curve remained about as during the control period December 
8 the weight was 543 gm 
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Expeeiaient 9 — Gumea-Pig 9 weaglied 621 gm Control counts showed con- 
stant eosinophiha, these cells numbering from 1,000 to 2,000 m a cubic millimeter 
Serum, 6 c c , was given November 15 This was repeated November 20 and was 
followed by a pronounced rise in eosinophils to 1,825 Atropin, 0 05 gm , was 
given twice daily from December 1 Serum, 3 c c , ivas given December 3 without 
subsequent eosinophiha December 10, serum, 5 c c , was injected No eosinophiha 
followed, and on December 11 and the following days these cells diminished in 
number A fifth injeetion of serum, December 16, was followed by a very shght 
rise in the eosinophils, from zero to 600 In this instance there was definite effect 
on the eosinophils, the diminution in their numbers after the administration of 
atropin being constant and striking The animal showed toxic symptoms and 
lost weight to 493 gm 
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Chart 9 — Experiments on Guinea-Pig 9 * Atropin sulphate, 0 05 gm twice 

daily 
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Chart 10 — Experiments on Guinea-Pig 10 * Atropin sulphate, 0 05 gm twice 

daily t Atropin sulphate 0 1 gm twice daily 


Expeeiment 10 — Guinea-Pig 10 weighed 522 gm Control counts of eosin- 
ophils were high — from 2,400 to 4,800 From December 1, atropin, 0 5 gm , was 
given twice daily After this date the eosinophils at no time numbered more 
than 1,700 From December 9 the amount of atropin given was doubled, 0 1 gm 
being the dose administered Following this the eosinophil count fell to 200, 
and remained constantly low Interval injections of serum resulted in no 
significant eosinophilic increase, in fact, in one instance a fall followed such 
an injection The effect of atropin seems definite in the case of this animal 
There were toxic symptoms and loss of weight to 490 gm 
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EEVIEW OE EXPERIMENTS 

Eeview of the experiments detailed above bimgs out tbe fact that 
definite fall in tbe number of eosmopbils followed admmistiation of 
atropin in but two of ten animals Tbe animals in wbicb sucb positive 
lesult ivas obtained veie two of tbiee receiving laige doses of atropin, 
fiom 0 05 to 01 gm, eveiy twelve boms (Guinea-Pigs 9 and 10) 
Tbe third animal leceiving sucb doses showed no effect on tbe eosin- 
ophils (Gninea-Pig 8) This guinea-pig, however, died from anaph- 
ylaxis before a suflScient period of obseivation bad elapsed to make 
conclusions of value A less definite result was seen in Guinea-Pig 1 
This animal leceived daily doses of atropin from 0 03 to 0 2 gm , and 
showed considerable reduction in tbe number of eosinophil cells from 
tbe high average found throughout the earlier part of the period of 
observation Guinea-Pig 2, on the same dosage of atropin, showed little 
change in number of eosinophils The smaller doses of atropin, from 
0 002 to 0 004 gm , were without influence on the eosinophil content 
of the blood In order, therefore, to reduce a high eoslnophlll^^ with 
atiopin, very large doses sufficient to cause toxic symptoms must be 
given at frequent intervals 

INFLUENCE OP ATROPIN ON THE EOSINOPHILIA FOLLOWING 
INJECTION OF SERUM 

Atiopin given with, immediately before oi twenty-four hours before 
the interval inyeetion of serum, seemed to mhibit to some degi’ee the 
subsequent rise in number of the eosinophils (Guinea-Pigs 3, 5, 6, 9 
and 10) , such rise being absent oi less than that occur iing in the same 
animal after injections of serum without atiopin This lesult is not 
constant Por exceptions observe Charts 3, 4 and 7 In animals receiv- 
ing large doses of atropin at intervals of twelve hours, eosmophilm 
response was slight or lacking (Guinea-Pigs 8, 9 and 10) Frequently 
there was a drop in the curve of these cells after such injections — a 
most exceptional occurrence under ordinary conditions 

DISCUSSION OF RESULTS 

It seems clear that the mechanism by which the number of eosin- 
ophils in the circulating blood of guinea-pigs is increased is not influ- 
enced by ordinary amounts of atropin This mechanism, however, may 
be depressed oi paralyzed by excessive doses of the drug, when such 
doses are given as often as every twelve hours 

The method of action of atropin in tins connection is obscure and 
involves the question of the general control of leukocytes, which is far 
from solution One can only speculate as to the possible influence of 
atropin on ehemotaxis, or as to an altogether hypothetical influence of 
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the autonomic neivous S3fstem on bone-marrow activity which is inliib- 
ited by the alkaloid, oi one may, perhaps with more reason, consider 
that the results noted are due to a general interference with a highly 
specialized function by a strong poison and not to any more specific 
influence In connection with the latter conception, Opie’s demon- 
stration of the close relation of the number of eosinophils of gmnea-pigs 
to their nutrition is important Opie^® found that in guinea-pigs m 
which there was loss in weight from starvation or other cause the 
eosinophil cells were regularl}'- much reduced in number In the present 
study the nutrition of the animals suffered from the large doses of 
atropin Loss of weight and appetite, roughening of the coat, lessened 
activity, etc , were noted in all animals showing reduction in numbers of 
eosinophils or lack of response on the part of these cells to serum injec- 
tions It may therefore be reasonable to consider the effect of atropin 
on the eosinophils here observed an indirect one and a result of dis- 
turbed nutrition from large doses of a poisonous alkaloid 

There is strong objection to applying by analogy to man conclusions 
gained by experiments on an animal lilce the guinea-pig, particularly with 
atropin, a poison to which the animal is, as compared to man, relatively 
tolerant The very large doses of atropm given, however, and the fact 
that the blood reactions of the guinea-pig are stiikingly like those of 
man, must have weight Clinically it has never been possible m my 
expeiience notably to reduce a h)’’pereosinophilia by atropin in ordinary 
doses Animal experimentation seems to lend some degree of corrobo- 
ration to this clinical experience 

CONCLUSIONS 

Atropin in oidinaiy, non-toxic doses has no striking influence on the 
eosmophil cells of the guinea-pig’s blood 

Given in toxic doses resulting in loss in weight and other signs of 
disturbed nutrition, and particularly when such doses are repeated as 
often as everj’- twelve hours, theie is a diminution in the number of 
these cells, and the eosinophilia following interval injections of serum 
IS diminished or absent 

It IS probable that this effect of atropin is not specific, but is the 
depression of a highlj specialized function by the geneial effect on 
nutrition of laige amounts of a strong poison 



CLINICAL OBSBEVATIONS ON DEFECTIVE CONDTJCTION 
IN THE BEANCHES OF THE AIJEICHLO- 
VENTEIGHLAE BUNDLE-" 

A KEPORT OF TWENTY-TWO CASES, IN WHICH ABERRANT BEATS 

WERE OBTAINED 

EDWARD PERIQNS CARTER, M D 

CLEVELAND, O 

The present communication is based on material collected in the 
Cardiographic Department of Hniversi-ty College Hospital Medical 
School, London It includes a description of twenty-two cases in which 
evidence of defective conduction in one or the other branch of the auric- 
uloventncular bundle was observed electrocardiographically, a desciip- 
tion of the chaiacteristic featuies of aberrant cuives and remarks on 
the clinical associations of the corresponding defects 

As defective conductivity of the main stem of the auriculoventriculai 
bundle gives rise to a chaiacteristic electiocardiogram, so do lesions of 
its individual branches give rise to abnormal electrocardiographic curves, 
which, within certam limits, follow definite types It is with these 
definitely known forms of abnormal curves that we are concerned 

As abeirant^ are grouped those heart-beats which result as a direct 
sequence of impulses which arise in a supraventricular focus, but which 
reach the ventricle either through an unusual route or through noimal 
but partially defective channels In either case the resulting electrocar- 
diogiams will show conspicuous differences from the normal, differences 
which depend either on a permanent organic lesion, or, less commonly, 
on a temporary defect in conductivity 

By supiaventricular focus is meant a focus in the auricle or junc- 
tional tissues above the division of the main stem of the bundle The 
impulses giving rise to the independent ventricular rhythm of complete 
heart-block are of supraventricular origin, for they arise in the main 
bundle, and so, as we shall see, aberrant types of ventricular contraction 
may be associated with complete dissociation 

It has been shown by Eppinger and Eothberger^ that experimental 
lesions of the branches of the auriculoventncular bundle are followed 
by characteristic electrocardiographic curves, that a lesion of the right 

* Submitted for publication Eeb 19, 1914 

1 Lewis Heart, 1912, iii, 293 

2 Eppinger and Rothberger Ztschr f klin Med, 1910, Ixx, 1 
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branch of the aunculoventricular bundle gives rise, in Lead II (Et A — 
LtL), to an electiocardiogram whieh resembles that obtained on 
stimulation of the left and apical portion of the ventricle, the initial 
deflection of the ventricular complex being directed downward (apex 
negative) , while a lesion of the left blanch of the aunculoventricular 
bundle gives rise to the reverse picture, an electrocardiogram resembling 
that obtained on stimulation of the right and basal portion of the 
ventiiele, the initial deflection of the ventricular complex being directed 
upward (base negative) 

In either instance the resulting electrocardiogram is essentially 
diphasic, and, although always preceded by an auricular complex, the 
ventiieular complexes lesemble those known to occur as the result of 
intrinsic premature ventricular contractions, as shown by the prolonga- 
tion of the period covering the opening phases, by the increase in 
amplitude and direction of the initial deflection in the several leads 
Soon this experimental evidence was further estabhshed by Eppingei 
and Stoerk,^ who ivere able, in two clinical instances by subsequent 
post-mortem examination, to confirm the diagnosis made from electro- 
Ccudiogiams of a legion of the right branch of the aunculoventricular 
bundle 

Moie recent clinical and electrocaidiogiaphic evidence has confirmed 
these earlier observations, a number of workers having reported in detail 
cases associated with lesions of one or the other branch of the auriculo- 
ventricular bundle, in some of which the diagnosis has been confirmed 
by histological examination 

Cohn and Lewis'^ leport a most unusual case of auricular fibrillation 
and heart-block, in which it was shown by a histological examination 
that both branches of the aunculoventricular bimdle had been destroyed 
The electrocardiograms obtained from this case were practieaUy identieal 
with the curves obtained from a similar experimental lesion by Eppinger 
and Eothbergei 

Lewis® has published a report of a unique case illustrating a tempo- 
rary defect in conductivity of the right branch of the aunculoventricular 
bundle, the records of which are included in the present series (Case 13) 

Mathewson® has recently repoited four cases associated with lesions 
of one or the other branch of the aunculoventricular bundle 

In the light of the accumulated observations it has seemed possible to 
attempt to classify in greater detail the aberrant curves resulting from 
lesions of the branches of the aunculoventricular bundle 

3 Eppinger and Stoerk Ztsehr f klin Med , 1910, Ixx, 157 

4 Cohn and Lewis Heart, 1912, iv, 15 

5 Lewis Brit Med Jour, 1913, i, 484 

6 Mathewson Heart, 1913, iv, 385 
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DISTINCTIONS BETWEEN PHYSIOLOGICAL AND ABEEEANT TYPES 

OF CURVE 

In Older to bring ont moie clearly the essential distinctions between 
the normal and the aberrant electrocardiogram, I summarize in tabular 
form the chief points of difference between them and physiological 
electiocardiograms It must be borne in mmd, however, that, though 
we aie dealing with an aberrant type of electric curve, the ventiicular 
contractions were of supraventricular origin, each ventnculai beat being 
preceded by an auiiculai contraction — except in one case of complete 
heait-block — and that the resulting ventricular complexes alone are 
abnormal 

In the accompanymg figures all three leads have been employed, as 
it IS possible to arrive at accurate conclusions only by an analysis of 
the curves obtained from the three leads In Lead II, in the presence 
of lesions of the branches of the aunculoventricnlar bundle, the initial 
deflection of the ventricular complex usually follows the direction of 
the correspondmg deflection in Lead III, but there are exceptions to 
this rule 


TABLE 1 — Contrasts Between Noeiial and Aberrant Electrocardiograms 


NORMAL 

1 Supraventricular complex Pres- 
ence of auricular or P summits 

2 P-R interval 13 to 18 second, 
never more than 0 2 second 

3 Q R-8 interval less than 0 1 sec- 
ond, and less than one third of 
entire complex 

4 Relatively small amplitude of 
initial deflections 

6 Pinal deflection T upright and in 
the same direction as the most 
prominent deflection {R) in Leads 
I and II, and usually in Lead III 

6 Initial deflections as a rule un- 
notched 

7 Pinal deflection T as a rule plainly 
to he seen, hut not exaggerated 


ABERRANT 

1 Suprnventriculai complex Pres- 
ence of auricular or P summits 

2 P-R interval frequently prolonged 
beyond 0 2 second 

3 Q-R-S interval exceeds 0 1 second 
and as a lule constitutes more than 
one third of the entire complex 

4 Relatively increased amplitude of 
initial deflections 

5 Pinal deflection T' usually in a 
direction opposite to that of the 
prominent initial deflection May 
be upiight 01 inverted 

G Initial deflections almost always 
show notching in one lead at least 
Many bizarre forms seen 

7 Pinal deflection T' frequently 
much exaggerated 


Thus it will be seen that the differences between the normal and 
the aberrant electrocardiogram consist essentially in the longer duration 
of the opening phases, in the greatly increased amplitude of the initial 
deflections, in the notching of B' and 8' so often seen in the aberrant 
curves — ^the mitial deflections are spoken of as B' and S', to distinguish 
them from the deflections B and 8 of the normal curve — and in the 
generally diphasic character of the aberiant curve, especially in Leads I 
and III, while the normal electrocardiogram is triphasic or quadriphasic 
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Whatevoi the location of the lesion, whether involving the right or 
the left branch of the aunculoventricular bundle, the prominent initial 
deflections aie always in opposite directions in Leads I and III This 
rule, while constant for B' and S', usually holds for the flnal deflection 
T', which, as has been stated, commonly lies in a direction opposite 
to the prominent initial deflections B' and S', and is usually conspicuous 
Figure 8 illustiates in detail the distinguishing eharaetenstics of 
the aberrant electrocaidiogiam, it is an instance of temporary defect in 
the conductivity of the right branch of the aunculoventricular bundle, 
associated with relative left ventricular hypertrophy The greatly 
increased duiation and amplitude of the initial deflections is at once 
apparent The P-B interval measuies 0 18 sec The Q-B-S inteival 
measures more than 0 1 sec The conspicuous initial deflections B' 
and S' m Leads I and III are seen to be m opposite directions The 
initial deflection S' in Lead II follows the same direction as the coi- 
lesponding deflection in Lead III The final deflection T' is in a direc- 
tion opposite to the conspicuous initial deflection in aU leads, being 
inverted in Lead I, and upright in Leads II and III The notching of 
B' in Lead I and of S' in Leads II and III is apparent The final deflec- 
tion T' IS much exaggerated 

DISTINGUISHING POINTS BETWEEN THE ABERRANT ELECTROCARDIOGRAM 
and that obtained AS A RESULT OP CARDIAC HYPERTROPHY 

I^Tiile it IS freely admitted that the attempt to correlate certain 
types of electrocardiogram with a definite form of cardiac hypertrophy 
may need subsequent revision, it has been shown that in the presence 
of specific valve-lesions, commonly associated with preponderatmg hypei- 
tioph}’- of the left or light ^entrlcle, distinctive electrocardiograms 
have been obtained, controlled in a small number of instances by sub- 
sequent post-mortem examination 

It may, therefore, be stated that the electrocardiographic curves 
obtained as a result of cardiac hypertrophy, from whatever cause, depend 
essentially on the degree and distribution of the hypertrophy present 
in a given case, whether left or right side predominates 

In the presence of left ventricular preponderance the resultmg 
electrocardiogram is characterized by a tall, conspicuous initial deflection 
B in Lead I, with an inconspicuous 8, and by a deep deflection S, 
with an inconspicuous B, in Lead III Lead II is less eharacteiistie 
In the presence of right ventricular preponderance the picture is 
reversed In Lead I, B is inconspicuous, the initial deflection 8 appear- 
ing as a deep depression, while in Lead III, B appears as a tall con- 
spicuous peak, and 8 is small 

7 Lewis Clinical Electiocardiography, London, 1913, p 24 
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It IS apparent that, as m the aberrant electiocardiogram, the most 
prominent mitral deflections in Leads I and III are in opposite direc- 
tions, the direction depending on the predominance of one or the other 
ventricle The electiocaidiogiam obtained from a case of simple cardiac 
hypertrophy may be distinguished from the aberrant type, which it 
resembles in many respects, by the shorter duration of the opening 
phases of the complex, by the lesser amplitude of the prominent 
deflections, by the direction of the deflection T in relation to the deflec- 
tions U and 8, by the absence of notching of jK and 8^ and by the 
normal triphasic or quadriphasic character of the complex In aberrant 
curves T’ is in the opposite direction to the main initial deflection 
(JR' 01 8') in Leads I and III, in the curves of hypei trophy T and R 
01 8 are often m the same direction in these leads 

When, as occasionally happens, a temporary defect in conductivity 
occuis in the course of an acute breakdown of an already hypertrophied 
heart, a condition almost always present in these cases, one may be 
able to compare the aberrant curve obtained from such a heart with 
the curve of simple hypertrophy obtamed later, after the disappearance 
of the transient functional defect 

Such instances are not common, but the occurience of a transient 
aberrant electrocardiogram is most important from the point of view 
of a comparison of the abeiiant curve with the physiological type in 
the same case 

Allusion has been made to the smgle instance of such temporary 
defect in conductivity included in this senes, and the facts stated above 
are well illustrated by a comparison of Figures 8 and 9, which accom- 
pany Case 13, the bizarre aberrant electrocardiogram resulting from 
the acute lesion of the right branch of the bundle, giving place, on the 
subsidence of the acute process, to the physiological electrocardiogram 
recorded on the following da}'’ 

hTo change could be more marked the earlier curve due to defective 
conduction plus left ventricular preponderance, the latter essentially 
the curve of simple cardiac hypertrophy No more striking evidence 
than these two figures could be offered that the aberrant electrocaidio- 
giam does not depend on the presence of eardiae hypertrophy 

In this connection reference may also be made to Case 30, Figures 
16 and 17 Here we aie fortunate in having obtained the physiological 
electi ocardiogram of the individual, before the development of defective 
conductivity, for comparison with the curves obtained later and aftei 
the development of the lesion involving the right branch The difference 
between the two figures is apparent at a glance the earlier physiological 
electi ocardiogram could not by any possible chance be confused with the 
aberrant complex obtained latei, after the development of defective 
conductivity 
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SIDE OE THE DEFECT 

In the twenty-two cases of this senes the right branch of the 
anriculoventriculai bundle has been involved in twenty-one, the left 
branch in but one instance The ina3ority of previously described cases 
also are those in which a defect of the right branch has been diagnosed 


TABLE 2 — SUMMABT or Cabdiogbams in Cases 1 to 22 * 


Patient 

Case No 

Fig No 

P R Interval 

Seconds 

1 

D B 

1 


0 13 

G S 

2 


0 24 

J P 

3 


A F 

H C 

4 

1 

0 20 

J P 

6 

2 

A F 

R S 

G 

3 

0 34 (1-17-11) 

0 30 (8 7-12) 

C H B (11-3-12) 

Dropped beats (11-13-12) 
Dropped beats (2-6 13) 

C H B (11 24 13) 

W S 

7 

4 

0 21 (three observations) 

H C 

8 


0 29 

S E 

9 

6 

0 17-0 18 

R B 

10 

6 

0 21-0 23 (four observations) 

C H 

11 

7 

0 26 (6 12-12) 

0 16 (7-12-12) 

0 20 (7-25-12) 

W C 

12 

8 

0 18 (8 18 12) 



9 

018 (8-19 12) 

0 20 (10 6 12) 

R A 

13 

10 

0 13 

W P 

14 


A F 

J W 

15 

11 

0 20 

D E 

16 

12 

0 14 

W 0 

17 

13 

0 28 (2 17-13) 

0 17 (5 12 13) 

G C 

18 

14 

0 20 

W J 

19 

15 

0 18 0 20 (two observations) 

D H 

20 

IG 

0 30 (2-27-13) 

0 24 (3 5-13) 

0 24 (4 7-13) 

0 21 (4-10-13) 

0 24 (4 28 13) 



17 

0 22 (5 5 13) 

0 29 (5 15 13) 

J M 

21 

IS 

0 17 

E N 

22 

19 

C H B 


■’ Hie conditions found in Cases 1 to 22 are as follows Aortic disease, 7, 9, 
10, 11, 17, 18, 20, 21, varying degrees of heart block, 2, 4, 6, 7, 8, 10, 11, 12, 

15, 17, 18, 20, 22, Cheyne Stokes respiration, 2, 3, 5, *10, auricular fibrillation, 

3, 5, 14, various other associated pathological states, 1 4, 8, 13, 15, 19, 22 

Subsequent histones are Dead, Patients 2, 3, 5, 7, 9, 10, 11, 14, 16, 18, 19, 20, 

alive (condition precarious) 8, 12, 13, 17, 21, 22, alive (condition not pre 
carious) 1 and 4, history unloiown (condition precarious when last seen) 6 
and 15 
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There is no entirely satisfactory explanation of this difference in 
incidence It is possible, however, that the predominance of the right- 
side lesion may be explained on anatomical grounds, the right branch, 
as a circumscribed track, being by far the longer. 

Table 2 summarizes the cases reported in detail In the column 
giving the P-E intervals, these have been grouped in chronological order , 
otherwise, so far as is possible, wholly on the basis of the associated 
pathological condition 

EELATION TO AURICXILOVENTIIIOULAE BLOCK 

Deficiency in the conduction of the branches of the bundle has a 
close relation to a similar deficiency in the mam stem of the auiieulo- 
ventriculai trunk It has been emphasized by several writers, Sternberg® 
and Monckeberg® among others, that the conducting tissues which unite 
the amides and ventricles have a moie or less special pathology 
Aschoffs® has called attention to their liability to damage from small 
hemorrhages, as a result of their cuiious sheathing with connective 
tissue; and it is known that fatty degeneration falls unequally on the 
conducting tissues and the rest of the muscle of auricle and ventricle 
Aschoff^^ and Butterfield^- have shown that the infiltration in rheumatic 
carditis is observed in the subendocardial tissues and that it is especially 
prone to mvade the conjunctional tissues. That the conducting tissues 
have a special physiology is certain, for then glycogen content is known 
to be much greater than that of ordinary cardiac muscle (Nagayo’-®) 

Dealing with the same question fiom a purely clinical point of view 
the facts point clearly m the same direction. The normal human P-R 
interval usually varies between 0 13 and 0 18 seconds , a higher value than 
018 IS very exceptional, the commonest values are from 013 to 016 
seconds, as shown by Lewis and Gilder In the present series of 
twenty-two cases, a sequential rhythm has been present in eighteen 
In thirteen of these eighteen cases the P-R interval was prolonged, 
constantly or on occasion In four (Cases 6, 12, 17 and 20) it showed 
considerable variation One of these (Case 6) showed auriculo ventric- 
ular heart-block of extraordinarily varying degree, namely, simple pro- 
longation of the interval, dropped beats and complete dissociation In 
another of the series (Case 22) complete dissociation was a constant 
feature 

8 Sternberg Verhandl d deutsch path Gesellsch , 1910, xiv, 102 

9 Monckeberg" Verhandl d deutsch path Gesellsch, 1912, xvi, 460 

10 Aschoff Verhandl d deutsch path Gesellsch , 1910, xiv, 3 

11 Aschoff Bnt Med Jour , 1906, ii, 1103 

12 Butterfield Heart, 1912, ixi, 203 

13 Hagayo Verhandl d deutsch path Gesellsch , 1908, xu, 150 

14 Lewis and Gilder Phil Tr Roy Soc , 1912, ccii, 351 
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This clinical evidence speaks very stiongly for the frequency of 
functional damage of the conducting tissues as a whole, though neces- 
sarily the damage varies in extent in different parts of the system from 
case to case In many of the published cases of complete heart-block, 
trunk-bianch lesions are demonstrated by the electrocardiogiaphie 
curves 

Experimental evidence points in the same direction, Lewis and 
Mathison^® have shown that asphyxia of cats produces auriculoventric- 
ular heart-block, and that at the same time it frequently damages the 
conduction in the mam branches of the auriculoventricular system 

We have every reason to conclude, from the evidence derived from 
all sources, that inflammatory lesions and invasions of the heart by 
poisons may act in a more oi less specific manner, picking out the 
special system of muscle fibers which unite the auricle and ventricle 
The physiology and the pathology of these tissues is largely a special 
physiology and pathology 

RELATION TO AORTIC VALVE DISEASE 

It IS a remaikable fact that out of the present series of twenty-two 
cases, eight patients have exhibited well-developed aortic valve lesions 
The frequent association of damage of the branches of the auriculo- 
ventricular bundle with aortic valve disease can not be regarded as 
purely accidental Yet the association meets with no very plausible 
explanation, especially so because in each of the eight cases the right 
trunk was defective Lesions of the aortic valve would be expected, 
a priori, m association with lesions involving the conductivity of the 
left branch, for the bases of the valves are in close proximity to it 
Keveitheless this association does not occur Too much emphasis may 
be laid on this argument, it is weakened by a knowledge of the relative 
frequency of lesions of the right and left trunk-branches, the former 
are far commoner In the present series the right branch was defective 
in twenty-one cases, the left in one only 

An explanation that the curves are in reality but an expression of 
left-side muscular preponderance does not suflBce It is perfectly true 
that the curves of the aberrant type, associated with right-bianch 
lesions, and those speaking for left-side preponderance resemble each 
other, but there are, nevertheless, clear and recognizable distinctions 
between them, distinctions which have been emphasized already and 
which are to be seen in the curves of Cases 12 and 20 

15 See the case reported by Cohn and Lewis, already referred to, and the 
second case of Mathewson’s series, to which reference has been made 
1C Lewis and Mathison Heart, 1910, ii, 47 
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We are able to produce very satisfactory evidence that the curves in 
question are not those of left-side preponderance pure and simple, for 
in these two instances the physiological electrocardiograms for the 
particular individuals have been obtained for comparison In Case 12, 
the change in the t}^pe of electioeardiogiam is profound and sudden, 
the aberrant type of curve (Fig 8) could not result purely from 
hypertrophy, when within a day an entirely different and more normal 
type of curve is displayed (Eig 9) The reason for the frequent 
association of aberrant curves with aortic valve disease is, therefore, 
still obscure 

EELATION TO EXTRASYSTOLES 

The common occurrence of extrasystoles m conjunction with aberrant 
forms of electrocardiograms suggests that the lesion which produces the 
conduction defect may also awaken the new impulses, this the more, 
smce it has been suggested that extrasystoles are often of bundle or 
bundle-branch origin It is necessary to examine the direction of the 
deflections from this point of view Our curves give us only meager 
information Though exti asystoles were seen in a much larger pro- 
portion of the cases, the curves in our possession show them in seven 
instances only We consider Leads I and III as of most importance 
from our present point of view The aberrant curves are mainly 
diphasic, the curves due to extrasystoles are also mamly diphasic, but 
in a given case the deflections of the diphasic complexes are usually 
in opposite directions when aberrant and extrasystolic curves are 
compared (Table II) 

That is to say, in most cases the extrasystole arises in the ventricle 
opposite to that m which the aberrant beat originates This is what 
would be expected if a lesion produced defective conduction in the 
branch, and also provoked extrasystoles from it Thus m Cases 10, 11 
and 22 the extrasystoles arose from the right or basal portion of the 
heart, as shown by all leads In Case 3 the extrasystoles were, on 
the other hand, from the left and apical portion of the ventricle In 
the remaming Cases 11, 15, 20, the deflections of the extrasystole were 
opposite to those of the aberrant curve in one lead (Lead II), but m 
the same direction in another lead (Lead I or Lead III) 

EELATIOET TO PROGNOSIS 

The prognostic value of any given sign in disease of the heart is 
always a difficult problem Especially is this the case when the sign 
IS frequently associated with other signs of a grave nature 

An organic lesion confined to one branch of the auriculoventricular 
bundle is hardly one which can be regarded as jeopardizing life We 
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find tliat a bundle-brancli lesion may be piesent foi many years and 
the heart still show geneial efficienej^ (Cases 1 and 4) But ^ust as 
lesions of the branches aie rarely confined to the blanches, but are 
associated with defects in the mam bundle, so too the defects aie 
probably but rarely confined to the eonductmg system, but spread 
beyond it into the general musculature to a lesser or greater extent 
From analogy with auriculo ventricular heart-block, we must legard 
a bundle-branch lesion as significant of an invasion of the heart-muscle, 
be it acute oi ehionic, and theiefoie oi consideiable gravity in most 
instances In the present senes of cases, the gravity of such a lesion 
IS well illustrated In twenty-two cases, reports of which have been 


TABLE 3 — SuiOiiABY or Cardiograais in Cases 1 to 22 
Showing Occurrence or Presiatdre Beats * 


Case No 

Direction in Eelation 
to Initial Deflections 

Lead 

3 

Same 

I, m 

10 

Opposite 

I, n, m 
n 

11 

Opposite 

11 

Same 

ni 

14 

Opposite 

T, n, m 

15 

, Same 

HI 

20 

Opposite 

n 

20 

Same 

I 

22 

Opposite 

I, in 


*In cases 2, IG, 17, 21, prematuie beats Mere present, 
but weie not recorded electrocardiograpbically 


collected within a few yeais, twelve patients are known to have died 
(Patients 2, 3, 5, 7, 9, 10, 11, 14, 16, 18, 19, 20) Six are alive but 
known to be in a piecaiious condition (Patients 8, 12, 13, 17, 21, 32) , 
two have been lost sight of, but were in a precarious condition when 
last seen (Patients 6 and 15) Two only (Patients 1 and 4) have 
been undei observation foi considerable periods and show no signs of 
inci easing heait-failure 

The frequent association of the condition with alternation of the 
lieait, auricular fibrillation (Cases 3, 5, 14), Cheyne-Stokes respiration 
(Cases 2, 3, 5, 16), gieat enlargement of the heait and signs of circu- 
latory embairassment is in itself significant 

BEPOET OP CASES 

Case 1 — Myocai chits, fibtosts of the left lung with ii onohtectasis 

Patient — D B , a girl, aged 16, was admitted to the hospital dming the year 
1906, complaining of cough, shortness oi bieath and pain in the left side of the 
chest 

Family Eistory — A sistei has had rheumatic fevei Hei father died of 
pneumonia complicated by “heart disease ” 
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Personal Eistoiy — A delicate child at birth, the patient has had a cough 
all her life , though it has become much more troublesome of late She has had 
no acute illnesses There is no history of ilieumatic fevei or chorea The short- 
ness of bieath, especially prominent on exertion, and the pain in the chest are 
recent developments She brings up a little yello-w sputum 

CondvUon on Admission — ^The patient is poorly developed, with a certain 
uegree of scoliosis, the curvature being toward the left side The color of the 
cheeks is heightened There is impairment of resonance over the whole left side 
of the chest both in front and behind, the capacity of this side is diminished 
In the left intrascapular region the breath sounds are tubular and bronchophony 
and pectoriloquy aie heard, coaise clicking riles are audible over the same 
region, some of which synchionize with the heart-beats A little purulent 
sputum contained no tubercle bacilli The lespirations are normal 

Heart — ^Pulsation is seen over almost the whole left chest in front The 
point of maximum impulse is diffuse in the sixth interspace near the posterior 
axillary line, posteriorly it is thiusting in character A diastolic thrill is felt 
over the apex region The cardiac dulness extends from the third rib above, 
and from the left margin of the sternum to the posterior axillary line Systolic 
and diastolic muimurs are heard at the apex A harsh systolic murmur is pres- 
ent at the aortic cartilage The pulse is 76 to the minute and regular, the 
arteries aie soft There are no signs of venous engorgement or of dropsy The 
urine contains no albumin 

Condition on Readmission (Nov 9, 1912) — After six years the patient has 
been readmitted for the same symptoms Pain has been present foi twelve 
months, and shortness of breath, which has never entirely abated, is more dis- 
tressing Prom time to time she brings up large quantities of sputum The, 
physical signs at this time are very similar to those previously observed ^ The 
signs over the fibrosed lung are almost unaltered The limits of cardia'c dul- 
ness are the same The murmurs remain unchanged The respirations are not 
increased, there is but little venous engorgement, dropsy is absent, the urine 
contains no albumin Tlie temperature never rises above 99 F 

Electrocardiograms — ^The P-B. interval measured 0 13 second In Leads I 
and II the initial deflection was abrupt and notched, having a total duration 
of 0 1 second In Lead III an upward phase was succeeded by a larger down- 
ward phase, the two together measuring 0 1 second 

Subsequent History (June 21, 1913) — The patient is alive and in fair 
condition 

Case 2 — Myocai ditis, exti asystoles, alternation, CJieyne Stokes breathing 
and death 

Patient — G S , a business man, aged 63, ivas first seen April 27, 1910, com- 
plaining of cough and shortness of breath on exertion 

Personal Histoiy — With the exception of occasional attacks of gout the 
patient has had no illness since his boyhood He has complained of his present 
symptoms for the past five months, these consist chiefly of an irritating cough, 
which IS accompanied by considerable shortness of breath 

Condition on Admission — The patient is well developed and shows no sign 
of cyanosis He has Cheyne-Stokes breathing 

Heart — The cardiac dulness extends two inches to the left of the nipple 
line The first sound at the apex is reduplicated There are no murmurs The 
pulse IS full and intermits from time to time The blood-pressure is 125 mm Hg 
Gi aphic Records — Polygraphic records showed that the intermissions of the 
pulse were the result of premature contractions of the ventricle These are 
followed by alternation The a-c interval is distinctly prolonged 
Subsequent Histoiy — The patient died twelve months later 
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Elect) ocaidtogtams — The P-R inteival measured 0 24 second The ventricu 
lar curves Aveie similai to those shown in Figuie 8 

Case 3 — RhcimaUc myocaidiUs, high hlood-p) essu) e, aioicular filrillation, 
alternatio)), Gheyne Stokes hreathmg, nephritis, lucthial strictwe, gradual 
failure and death 

Patient — J P, a shop keepei, aged 65, Mas admitted to the hospital Aug 1, 
1911, eomplaining of shoitness of bieath, pain m the chest, loss in weight and 
sleeplessness 

Peisonal Eistoiy — At the age of 26, 32 and 48 the patient had rheumatic 
fever At 59 he had a slight “apoplectic stroke” and lost the sight of his left 
eye He has been tieated for urethral strictuie for eighteen years 

Present Illness — The patient states that twehe months ago he was quite 
free fiom any discomfoit About this time he began to suffer from shortness 
of breath, Mliich has steadily inci eased, at present the slightest evertion brings 
it on He has experienced shooting pains in the left side of the chest, and also, 
from time to time, in the right hj'pochondi mm The breathing is said to be 
heaay and periodic at night He has lost 42 pounds in -weight He sleeps hut 
two or three houis each night His appetite is pooi 

Gondition on Admission — The patient is well nouiished and cyanotic and 
exhibits conspicuous Cheyne Stokes breathing The liver is palpable and tender 
an inch beloiv the costal margin Hieie is slight edema of the legs and some 
ascites piesent The specific gravity of the urine ranges from 1 010 to 1 016, 
albumin, sugar and pus are present in excess Tlie pulse is ^ery iiregulai, the 
rate being 90 to 120 per minute, the arteiies seem but little thickened Most 
of the pulse beats pass a cuff-pressuie of 200 mm Hg 

Eeart — The apex beat is not -visible, the limits of caidiac diilness lie 2 
inches to the right and 5 to the left of the midsteinal line The heait sounds 
are cleai, but very irregular, theie aie no murmuis 

Gourse of Disease — The patient remained in the hospital for some iv^eeks 
and improved a good deal in health He passed fiom obseivation, but his ivife 
ivrote subsequently to say that he giadually became iveakei, thiiinei and more 
shoit of breath Dec 5, 1911, ivhen sitting up in a clnii, he asked to be put 
to bed again, but almost immediately he became lelaxed and died 

Electrocar diogr ams — The PR inteival eould not be deteimined, owing to 
the constant presence of auiicular fibrillation The ventricular complexes were 
similai to those shown in Figuie 6 The extiaventricular systoles recorded 
arose from the left and apical portion of the heait, being in the same direction 
as the initial deflections R' and S' in Leads I and HI 

Case 4 — Pericarditis with effusion, arhythrnia, drainage of the pericardium 
and recovery ( Electrocai diagrams. Fig 1 ) 

Patient — H C, a vvoodcaiver, aged 28, -was admitted to the hospital Aug 8, 
1911, complaing of indigestion and palpitation of the heart 
Family Eistory — ^Negative 

Personal Eistory — The patient had pneumonia as a child and so called 
“muscular rheumatism” two years ago There is no history of iheumatic fever 
or chorea He denies syphilis 

Present Illness — For the past eight weeks the patient has complained of 
indigestion and palpitation of the heart Four weeks ago, July 12, he had a 
severe attack of vomiting, and has had frequent similai attacks since this time 
Since the onset of these attacks of vomiting he has been quite breathless on 
slight exertion, and latterly has noticed that there was some swelling of his 
legs 

Gondition on Admission — Edema of the legs and scrotum and well marked 
signs of compression of the left lung are nresent The liver is nalnable at the 
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umbilicus The temperatuie is 99 8 F The i aspirations aie from 28 to 32 
per minute 

Eeart — ^The uppei limit of eai diac dulness lies at the fii st interspace, to 
the right 3% inches and to the left 8 inches from the niidsternal line Pulsa- 
tion ovei the precordium is veiy slight Theie is a distant soft systolic mui- 

mur heaid ovei the region of the apex The fiist and second sounds are heard 
everywhere, but aie veiy distant Theie is a pleuropericardial friction-rub 
heard in the third and fouith left interspaces 

Course of Disease — Aug 13, 1911 The fouith left costal cartilage was 

removed, the pericardium opened and a pint of hemorrhagic fluid withdrawn 

Aug 18, 1911 For several days the patient has had iriegularity of the 
heart, the result of flbrillation of the auiicles To day the pulse is regular, 
the a wave has appeared again 

Aug 25, 1911 The caidiae dulness has been greatly reduced by tapping 
Sept 14, 1911 The patient was tapped again to day and 2% pints of blood- 
stained fluid were lemoved 



Fig 1 — Electiocaidiogiams Case 4 The PR inteival measuies 0 2 second The 
QR8 inteival is Incieased, measuring 013 second In Lead I, the initial deflection 
R' IS conspicuous as a hioad summit with a maikedly split apex The flnal deflection T' 
is inverted, lying in a direction opposite to the prominent summit R' In Lead II, the 
initial deflection R' appears as a conspicuous peak with marked notching The flnal 
deflection T' is upright, lying in the same direction as R’ In Lead III, R’ is present, 
but j 8" appears as a piominent bioad depiession with maiked notching of the base 
The flnal deflection T' is upright, lying in a dnection opposite to the piominent deflec- 
tion 8' The increased duiation of the opening phases of the complex, the conspicuous 
notching, and the direction of the final deflection T' in relation to prominent deflec- 
tions R' and S', aie apparent 

Sept 26, 1911 A note w'as made as follows The pericardium is filling 
again The pulse has remained almost continuously regular On one or two 
occasions the patient has noticed some palpitation of the heart The temper- 
ature has been normal throughout, except for a few days after the operation 
Sept 11, 1912 The patient was seen on this date and is apparently in very 
fair condition There is very little breathlessness The limits of cardiac dul- 
ness are considerably reduced and no effusion is demonstrable in the pericardium 
Ruisequent Eistoiy — July, 1913 The patient is alive and apparently in 
good condition 

Case 5 — Gaidiae hypeitiophy, myocarditis, auricular fihi illation, arterio- 
sclci osis, Cliei/ne-StoLes respiration, cardiac failiiie and death (Electrocardio- 
grams, Fig 2 ) 
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Patient — J P , a hotel keeper, aged 69, was admitted to the hospital Nov 
11, 1911, complaining of breathlessness, feelings of faintness and swelling of 
the legs 

Family Histoi y — ^Negative 

Personal History — ^The patient remembers no past illness He has not had 
rheumatic fever and denies syphilis He has drunk beer in moderation, but 
has been a heavy smokei 

Piesent Illness — ^In October, 1907, the patient met with an accident, which 
he states injuied his spine He was Hid up at this time some -weeks, but made 
a good recovery, though he insists that his heart has been weak since the mis 
hap In October, 1911, he contracted a severe cold and had a slight pneumonia, 
being ill in bed for some weeks From this time his symptoms have increased 
At present he complains of gieat breathlessness on slight exertion, general 
lassitude and frequent attacks of divviness Recently his legs have become swol- 
len and he has noticed pufiiness about the eyes 

Condition on Admission — The patient is well built, but exhibits conspicuous 
breathlessness Theie is a slight degree of cyanosis present The legs are 
edematous, the liver is not palpable, the flow of urine is abundant and albumin 
IS excessiv'e The pulse is very iriegular and weak (auricular fibrillation), rate 
80 per minute The arteries show thickening, the systolic blood pressure is 160 
mm Hg (strongest beats) 

Heait — The heart’s impulse is not visible, the limits of dulness aie difficult 
to ascertain as the lungs encioach so much on it The heart sounds are faint, 
the first sound is reduplicated, no murmurs are heard 

Course of Disease — During the patient’s stay in the hospital Cheyne Stokes 
breathing was often observed, he became delirious fiom time to time, and on 
occasions was in a state of coma He was treated wuth digitalis and, though 
his life w'as despaiied of, he w'as eventual!}' discharged a good deal improved 
Readmission — A year later he was again admitted with the same symptoms 
Nov 1, 1912 The legs aie again swollen, he has much cough and breathless 
ness and sleeps badly His symptoms have been increasing foi the past three 
weeks and he has lost in weight The phjsical signs are much the same as on 
his first admission 

The heart is still irregular, but of normal late The upper limit of cardiac 
dulness lies at the third intei space, to the light 1% inches and to the left 5% 
inches from the midsteinal line There are no muimurs, the first sound is 
faint, but not reduplicated The liver is just palpable 

Course of Disease — Cheyne Stokes respiration was observed on many occa- 
sions and he was sometimes delirious at night Although constantly breathless 
cyanosis was nevei prominent He again so far recovered as to be able to leave 
the hospital much improved 

Readmission (March 3, 1913) (Note T L ) The patient lies propped up 
in bed His lips are pale and very slightly cyanotic His breathing is labored 
and from time to time shows periodicity in depth Tliere is slight edema of 
the ankles The pulse rate is 84 to the minute and irregular ( auricular fibrilla- 
tion and defect of the light bundle bianch as befoie) The signs in the heart 
remain unaltered There is impairment of resonance at the bases of both lungs 
The liver is easily palpable below the costal margin 

March 5, 1913 The respirations are irregular and show periodicity in 
depth No apneic periods, however, aie present 

March 19, 1913 There is to day a good deal of improvement in the patient’s 
breathing, it is easy and almost natural during the day, but tends to show a 
periodicity at night 

March 21, 1913 The patient was discharged to day in a much improved 
condition There was at this time no breathlessness if he mov'cd slowly, and his 



EDWARD PERKINS CARTER 


color was good Duiing his stay in the hospital the tempera 
The systolic blood-pressure ranged between 130 and 140 mm 
varied in quantity between 1,100 and 2,500 cc per diem ' 
acid, the specific gravity larging from 1010 to 1012, except 
Sion, when it was 1 022, albumin, blood and casts weie not f 
Readimssion (Apiil 3, 1913) — Seen in the out-patient’s de 
day, the patient was evidently much woise and was leadmittei 
He has been voiding very little mine and what is passed is d; 
IS considerably, but not deeply, cyanosed and is very dyspnea 
IS lapid, 32 to the minute, and laboied, while he lies well ] 
hvei IS again large, and there is impairment of lesonance at 
lungs and numerous crepitations are heard over the whole die 
the eardiovasculai system are unalteied 

April 6, 1913 Cheyne Stokes breathing with long apneic p 
at night Patient is still cyanotic Electi ocai diogi ams wei 
date 







Fig 2 — Electrocardiograms, Case 5 The P-R interval could not b 
to the constant presence of auriculu flbiillation The Q R-8 int 
measuiing 016 second In Lead I, the inci eased amplitude and th 
of the initial deflection R’ are conspicuous T' is inveited lying in £ 
to the summit R’ In Lead II, R’ shows marked splitting T’ is u 
same direction as the deflection R’ In Lead III, the bioad, maikedlj 
S' — in a diiection opposite to the summit R’ in Lead I — is conspicu 
Ij'ing in a direction opposite to the initial deflection S' The diphas 
ventiieulai complex is appaient in Lends I nnd III 

Apiil 7, 1913 The dyspnea is still conspicuous In the ni 
of mine uere withdraivn by catheter and a little albumin 
attempt was made to bleed the patient, but the flow was so 
to be abandoned A urea estimation gave 2 3 gm per liter of 
Death occuried without further warning the same day, the p 
becoming veiy cyanotic and the lespiiations ceasing aftei a fev 
tory efforts 

During his last illness the amount of mine \aiied between 
per diem It was dark in coloi, of acid reaction, the specific 
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Post-MoJ tchi Examination (Apiil 8, 1913) — Deep cjanosis Diopsy of the 
legs The pleuial cavities each contain about one pint of cleai fluid There is 
an excess of fluid in the peiicaidial and peritoneal cavities The lungs are 
slightly emphysematous, the bases are edematous and congested The heart is 
large and coveied vith fat, the muscle sho^Ys yellov striation The cavities 
are dilated and the vails seem hyperti opined The valves aie noimal No ante 
mortem clots veie found The aoita and large arteiies show geneialized arterio 
sclerosis vith calcaieous deposits, the aortic arch is dilated The liver is large, 
fatty and congested The splenic pulp is friable and dark in color The kid- 
neys aie congested, the capsules stiip off le.aving a slightly torn and granular 
surface, theie are a few scais on the suiface, but no cysts The cortex and 
medullary substance show nai i owing The bi am is noi mal though the membranes 
over the rertex aie edematous, the remaining oigans aie noimal 

Electrocaidiogiaphic cunes taken on repeated occasions always showed the 
same mechanism, namelj, fibi illation of the auiicles and absent conduction in 
the right bianch of the aui iculoventi iculai bundle The ventiiculai late was 
always slow, langing fiom GO to 00 (See Fig 2 ) 



Fig 3 — Blectiocaidiogiams, Case C Note tlie dogiee of lieait block piesent Fiom 
time to time a failuie of response to the piCMOus auiiculai contiaction is shovn In 
Lead I, the initial deflection B' appeals as a conspicuous summit of increased amplitude 
and duntion, ■uitli maiKed notcliingr The final deflection T* is invei ted, lying in a 
diiection opposite to the piominent R' The giadual inciease m the P R interval up to 
the point of the occuiience of the diopped beat is appaient Theie is 
response to the second P summit in this lead In Lead II, R' is piesent but the deflec 
tion S’ appeals as a conspicuous depression of incieased amplitude and duration wim 
marked notching The final deflection T’ is upught, Ijing in a diiection opposite to 
the prominent S' Hoie again the failure of a ventricular lesponse, following the 
second auiiculai contiaction, is apparent In Lead III, R’ is absent The mitial 
deflection S' appears as a depression of greatly increased amplitude and duration, with 
conspicuous notching The final deflection T' is upright, lying m a direction opposite 
to the prominent iS' There is a missed ventiicuWr response aftei the third P summit 


Case 6 — Gaidiao hypet ti ophy, initial disease, paioxysinal tachyeardia and 
au) iculoventricitlar heart hloch in varying degrees (Electrocardiogiams, Fig 3 ) 
Patient — S, a bootmakei, aged 64, was admitted to the hospital Dec 1, 
1911, complaining of shortness of breath, attacks of faintness and pain in the 
chest 

Personal jffisf or p —Twelve years ago the patient suffeied from a fistula in ano 
There is no histoiy of any other illness He denies syphilis He has been a 
moderate user of alcohol and tobacco 
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Present Illness — TAAelve months ago he fiist noticed shoitness of breath on 
exertion Foi six weeks he has expeiienced attacks of pain m the chest accom- 
panied by faintness In some of these attacks he vomits, and on one occasion 
he lost consciousness His pulse i ate in the attacks, which were witnessed by 
his physician, Di Alex Blown of Kentish Town, lose to at least 250 per minute 
Condiiton on Admission — The patient is ivell nouiished and shows no sign 
of hi eathlessness and little oi no cyanosis The hvei is enlaiged Theie is 
no diopsy The tempeiatuie is noimal The pulse is regulai, its late being 
from 72 to 144- pei minute, the vessel-wall is thickened The systolic blood-pies- 
suie varies between 64 and 130 mm Hg 

Heal t — The heai t’s impulse is neithei visible noi palpable The limits of 
caidiac dulness he at the fourth iih above, to the light at the left steinal mar- 
gin, and to the left in the fifth space foui inches fiom the midsteinal line 
Tlieie IS a blowing s 5 'stolic muimur at the apex, and also a systolic murmur 
at the aoitic cartilage 

Snhsequent Hist my — Unknown 



Fig 4 — ElectiociitJiogianis, Case 7 The PR inteival measures 0 21 second The 
Q-RB inteival measuios Oil second In Lead I, the initial deOection A" appeals as 
a peak of ineieased duiation and slight inciease m amplitude, with conspicuous notch- 
ing The final deflection T' is upiight, Iving in the same diiection as the initial R’ 
In Lead II, R' is piesent but inconspicuous The deflection S' appeals as n deprepion 
of mcieased duration vith maiked notching The final deflection T' is upiight, Ijmg 
in a direction opposite to S' In Lead III, the initial deflection R' is again inconspicu- 
ous The deflection S’ appeals as hioad depiession of gieatly increased amplitude 
The final deflection 2" is upiight, Ijing in a diiection opposite to the pi eminent S 
The inciease in the P R inteival is appaient in all thiee leads 

Electi ooai diogi ams — This case is of especial interest because of the presence 
of varying degrees of aui iculoventi iculai heart block, which weie present at dif- 
feient times, the patient having been under obseivation ovei a long peiiod before 
Ins entianee into the hospital (Fig 3 ) Jan 17 1911, the P-R inteival meas 
nred 0 34 second, and Aug 7, 1912, 0 3 second Kov 3, 1912, complete auriculo- 
ventricular heait block was present Hov 13, 1911, dropped beats, Feb 6, 1913, 
diQpped beats, and again Feb 24, 1913, complete auriculoventricnlar heart-block 
was piesent 

Case 7 — Ai fenosclo osis, caidiae hypertiophy, aoitic disease, myocarditis, 
cardiac failuie and death ( Electi oeaidiogi ams. Fig 4 ) 

Patient — W S, a coal poi ter, aged 52, was admitted to the hospital Feb 
24, 1912, complaining of abdominal pain, shoitness of breath and sleeplessness 
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Family History — Negative 

Personal Histoiy — The patient gives no history of any past illness Syphilis 
and rheumatic fever are both denied For many years he has drunk six pints 
of beer daily and has used four ounces of tobacco a week His work has been 
heavy 

Present Illness — The patient states that his present illness began about a 
month ago (Jan 24, 1912) At this time he first noticed shortness of breath 
on any slight exertion This was soon followed by dull aching pains referred 
to the upper abdomen, and by sleeplessness The shortness of breath has gradu- 
ally inci eased, a tioublesome cough has developed and latterly he has complained 
of feeling sick on rising in the morning 

Condition on Admission — The patient is pale and oithopneic There is no 
cyanosis The teeth aie caiious The temperature is noimal There is neither 
dropsy nor ascites The respirations aie 36 to the minute The mine is normal 
The pulse is legular, 90 to the minute, of the vater-hammer type Capillary 
pulsation IS present Pulsation of the carotids is visible to the lobes of the ear 
The arteries are thickened The sjstolic blood piessure is 110 140 mm Hg The 
liver IS palpable an inch below the costal margin 

Heart — The point of maximum impulse is in the fifth and sixth inteispaees 
five inches from the midsteinal line The upper limit of cardiac dulness lies 
at the third rib, to the light one inch and to the left fiie inches from the mid- 
sternal line At the apex and oi ei the aortic area S3 stolic and earl3’’ diastolic 
murmuis aie heaid, the fust sound is inaudible 

Subsequent Histoiy — Duiing a month’s sta3 in the hospital his acute symp- 
toms, with the exception of slight hi eathlessness on exertion, entirel3 subsided 
The lespiiations fell to 20 pei minute when at rest Otherwise his condition 
remains unchanged He left the hospital but died some time afteiwaid, no 
necropsy nas obtainable 

Case 8 — Caidiac liypeitiophy, myocai ditis, initial disease and pencaiditis 

Patient — H C, a domestic, aged 18, nas seen INIaich 16, 1912, complaining 
of shortness of breath and some pain in the chest, in fiont A note made at this 
time states that the patient had pneumonia at the age of 5, she is also said to 
have had spelling of the knees and ankles on seveial occasions, which suggest 
a rheumatic history There has been at difFeient times some edema of the legs 
Infantilism is conspicuous 

Heait — The limit of cardiac dulness lies 3% inches to the light and 6 inches 
to the left of the midsteinal line There is an eaily diastolic and systolic thrill 
at the apex The fiist sound at the apex is reduplicated, associated with early 
diastolic murmurs A friction sound is heard ovei the base of the heait The 
aortic and pulmonai3’^ sounds are normal 

Subsequent Histoiy (June 14, 1913) — ^The patient is alive, but hei condition 
IS much as noted above 

Eleeti ocai diogi ains — The P-R iiiteival measures 0 29 second In Lead I, 
S' and T' deflections are seen, the vliole curve being diphasic and the initial 
phase (S') long In Lead II the cui\e is similai, but a small spike R' is added 
In Lead III, R' opens the complex and is followed by a T' deflection, a small S' 

IS also piesent 

Case 9 — Myoeaiditis aoitio 1 egui gitation, caidiac failuie and death 

Patient (Electrocardiograms, Fig 6) — S R, a gasfittei, aged 36, was 
admitted to the hospital April 9, 1912, complaining of shortness of bieatli, cough, 
swelling of the feet and sleeplessness 

Petsonal Histoiy — There is no history of any past illness The patient has 
seen service in South Africa 

Piesent Illness — ^Tlie onset of his piesent illness is attributed by the patient 
to an attack of sore tin oat and bronchitis, which lie had foiii months ago (Janu 
ary, 1912) He was examined at this time and his heart was found to be 
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affected Recently the shortness of bieath has increased to such an extent that 
he cannot take the slightest exeieise and work is impossible 

CondRion on Admission — The patient is pale but well nouiished Theie is 
slight cyanosis The respirations aie huined, 28 to the minute, a little laboied 
Some venous engoigement and signs of pulmonary congestion aie present Theie 
IS edema of the feet and back The specific gravity of the urine is 1 023, leac- 
tion acid, no albumin is present The livei is palpable thiee fingei -breadths 
below the costal margin The pulse is regulai, 106 to the minute, of the watei- 
hammer type Capillary pulsation is piesent, though slight The aiteries are 
tortuous 



Fig 6 — Electiocaidiogiams, Case 9 The P-R interval measuies 0 IT 0 18 second 
The Q R 8 interval measuies 0 1 second to 0 11 second In Lead I, the initial deflection 
R' IS conspicuous as a tall broad summit with slight notching ?” is inveited lying in 
the opposite diiection to the summit R' In Lead II, the initial deflections R and 8 
aie equally conspicuous 8', howevei, shows maiUed notching T' is upright in a diiec- 
tion opposite to the deflection 8' In Lead III, the deflection R' is piesent as a shoit 
summit, while the depression S' is conspicuous as a deep bioad deflection with split 
base T' IS upright in a diiection opposite to the prominent deflection 8’ The greatly 
increased amplitude, the longer duration and the notching of the initial deflections R 
and 8' are conspicuous in all leads 

Eeai t — The shock of the hear t is diffuse and extends well outside the nipple 
line The limit of cardiac dulness lies 2 inches to the right and 6% inches to 
the left of the midsternal line At the apex a systolic and a faint diastolic mur- 
mur are heard, over the aortic area to-and-fro murmurs are heard, maximal 
in intensity at this point, over the pulmonary area the same rauimuis, though 
fainter, are audible The second sounds aie not heard 

Couise — After a month’s stay in the hospital the patient’s condition improved 
consider ablj', and he was discharged at his own lequest A few weeks later he 
was admitted to an infirmary, with an exacerbation of all his symptoms and wi i 
aggravated dropsy He died within a few hours No necropsy uas obtained 
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Case 10 — Rheumatic caidiUs, aoiiic disease, angina pectoris, high hlood- 
pressure, alternation, cardiac failure and death (Electrocardiograms, Fig 6) 
Patient — B , aged 45, came under observation June 6, 1912, complaining 
of pains in the chest and breathlessness 

Family History — Ihe patient’s father and an uncle died suddenly of “heart 
disease ” A sistei has had rheumatic fevei The patient’s child, aged 9, was 
examined and found to have mitral stenosis 

Personal History — Hie patient has suffered fiom rheumatic fevei on five 
occasions, the fust attack being at the age of 12 and the last at 30 He became 
almost deaf at 40 At 43 he had an attack of pleurisy Syphilis is denied 
Present Illness — The piesent illness really began tuentj eight years ago, 
when the patient was treated at a London hospital for angina pectoiis The 
pains have been seieie of late and radiate over a wide area, they aie accompanied 
by feelings of giddiness, suffocation and anxiety , and are brought on by the slight 
est exertion Latelj his legs have become swollen and breathlessness has 
del eloped 

Condition on Admission — The patient is pale and poorly nourished There 
is a little diopsj of tlie extiemities Cyanosis and dyspnea are absent The 



Fig G— Eloctiocaidiograms, Case 10 The P P interval measuies 0 21 to 0 28 
second In Lead I the initial deflection R' appeals as a slightly broadened peak with 
notching of the side and apex T' is inverted lying m the opposite direction to the 
summit R' In Lead II, the initial deflection R' is conspicuously notched The deflec- 
tion S' IS plainlj seen T' it vill be noted is again inverted, lying in a direction 
opposite to R' In Lead III, the gieatly incieased amplitude of the initial deflection S 
IS appaient S' shows maiKecl splitting of its base R' is inconspici^us T is uprig t 
lying in a direction opposite to the prominent initial deflection S' The increase m the 
PR inteival is apparent in all leads 


caiotids pulsate vigorously and the veins of the neck are abnoimally prominent 
The liver is not enlarged The urine contains no albumin The pulse is of the 
water-hammer type and occasionally intermits Capillary pulsation is pres 
ent The alteries are thickened The systolic blood-pressure lies between 180 
and 200 ram Hg 

Eeart — ^The visible impulse is diffuse The upper limit of cardiac dulness 
IS at the second rib, the limit of dulness to the right is 1% inches and to the 
left 7% inches from the midsternal line At the apex the first sound is replaced 
by a systolic biuit, followed by an early diastolic murmur At the aortic cartil- 
age a diastolic thrill and murmur are detected, the second sound is absent 

Course — ^The patient vas under observation for over twelve months, during 
which period the physical signs and symptoms remained unaltered With rest 
the pain disappeared, only to reappear as soon as the patient was about again 
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fie died suddenly m August, 1912 fio post-moitem examination could be 
obtained 

Eleeti ocm diogi ams — ^The electiocardiograpliie curves weie constantly of the 
same type, being those associated with deficient conduction of the right branch 
of the auiiculoventiicular bundle In this case extraventricular systoles were 
lecorded appearing in a diiection opposite to the pi eminent initial deflections 
in all leads, hence the piematuie beat arose in the opposite ventricle from the 
aberrant beat, that is, horn the right and basal portion of the lieait 

Case 11 — Aiteitoscletosis, myocaidtits, aoittc disease, caidiac fmluie and 
death (Electiocaidiogiams Fig 7) 

Patient — C H, a seaman, aged 47, was admitted to the hospital July 20, 
1912, complaining of shoitness of bieath and swelling of the legs 

Family Hisioiy — A biothei is said to have had rheumatic fevei , otherwise 
the family histoiy is negative 



Fig 7 — Electrocardiogiains, Case 11 The PR inteiMl measures 0 2 second In 
Lead I the initial deflection R' appeals as a somewhat bioadened summit with maiked 
notching T' is upiight in the same diiection In Lead II, the initial deflection R’ 
IS plain The deflection 8' shows an incieuse in amplitude and conspicuous notching 
T' IS upiight lying in a direction opposite to the prominent S' The single premature 
beat recoided in the figure — P-B — coincides with the auncular summit P, which does 
not appeal The prematuie beat lies in a direction opposite to the piominent aberiant 
deflection 8’ In Lead III, the initial deflection R’ is piesent The deflection 8' appeals 
as a conspicuous depiession of gieatly incieascd amplitude, with slight notching T' 
is upright in a direction opposite to the prominent deflection 8' The piemature beats 
leeorded in this lead (none is shown in the flguie), ueie in the same direction as the 
aberrant curve 


Personal Histoiy — Tlieie is no history of an 5 ’^ illness, with the single excep- 
tion of an attack of “bioncliitis,” which the patient had eighteen months ago 
He has never had ilieumatic fever He denies sypliilis 

Piesent Illness — The patient attributes the onset of his present illness to 
the “broncliitis” which he had eighteen months ago This attack was soon fol- 
lowed bj' shortness of breath, which has increased steadily During the past 
iveeks his legs and abdomen have become swollen 

Condition on Admission — The patient is florid The conjunctivae are tinged 
with bile He is cyanotic and very oithopneic There are signs of fluid in the 
right chest There is marked edema of the back, legs and scrotum, and abdomi- 
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nal ascites is piesent The livei is palpable below the umbilicus and pulsating 
The respirations are 32 to the minute The temperature is normal The spe 
cific gravity of the urine 1 012, the normal amount is reduced and albumin is 
present in excess The pulse rate is fiom 118 to 120 per minute, occasionally 
Intel mittent, of the water hammei type Capillary pulsation is present Tlie 
arteries are thickened The sj'stolic blood piessure is low, from 98 to 102 mm Hg 
Eeai t — The point of maximum impulse is neither visible nor palpable The 
uppei limit of caidiac dulness lies at the fourtli interspace, to the right at the 
right sternal maigin and to the left 4^/^ inches from the midsteinal line There 
IS an apical systolic murmui and a faint first sound At the aortic area sys- 
tolic and diastolic murmurs are heaid 

Gomse — The patient was given infusion of digitalis (2 diams three times 
daily), but showed no improvement He died July 27, a week after admission 
Neciopsj uas refused 

Electrocai dtogt ams — In thiee obsei \ ations, extending ovei a period of six 
weeks, the P-R interval measured 0 2C, 0 IG and 0 2 second, the last two days 
before death The curves wore alua 3 s of the same type, being those seen in 
association with defective conduction of the light branch of the auriculoven 
tricular bundle The extia s 3 'stoles iccorded vere in a direction opposite to the 
prominent initial deflection S', of the aberrant cur^e, in Lead II, but in the 
same direction as the abenant cuive in Lead III (Fig 7) 

Case 12 — Myocaiditts and aorttc disease Fehiilc am iculovcnti iculai lieait- 
blocL of tat y mg degiec (Electiocardiograms, Figs 8 and 9 ) 

Patient — W C , a bookbinder, aged 32, was admitted to the hospital Aug 
16, 1912, complaining of shortness of bieatli and pains in the chest 

Personal Eistory — I he patient states that he aluajs felt perfectly well 
until about six 3 eais ago He has neaei had rheumatic fe^el He denies syphilis 
He IS a heav 3 ' smoker, but uses alcohol in modention 

Present Illness — The patient dates the onset of his piesent illness back about 
SIX yeais, uhen he fiist began to notice shortness of bieatli after any unusual 
exertion This shoitness of bieatli has inei eased, and for some months now he 
has had pain of an aching charactei ovei the precoidial area He is unable 
to he on the light side at night 

Condition on Admission — Ihe patient, thin and pale, lies propped up in bed 
and quite bieathless llieie is no diops 3 oi livei enlargement The mine con- 
tains no albumin Ihe pulse is legulai, of the water hammei type, langing 
from 6 1 to 88 pei minute The arteiies xie thickened The S 3 'stolic blood pies 
sure varies fiom 110 to 148 mm Hg The tempenture is 99 F 

Eeai t — The heai t’s impulse is diffuse in the fourth, fifth and sixth intei - 
spaces The limits of cardiac dulness he at the thud rib above, % of an inch to 
the light and 5% inches to the left of the midsteinal line At the apex a shoit, 
sharp hist sound and a low pitched pres 3 'stohc muimui aie heaid The second 
sound IS faint and is followed b 5 ’^ an early diastolic muimur At the base a 
systolic thrill is felt, and lougli to and -fro muimuis are audible, having their 
maximum intensity at the aoitic caitilage The second sound is not heaid 

Gomse — The tempeiatuie rose to 100 5 F the day after admission, but fell 
gradually to noimal b 3 ’’ August 22 Aftei seveial weeks rest, his symptoms being 
considerably improved, he was discharged 

Readmission (May 27, 1913) The patient complains of thiobbing pain in 
the chest, which has increased dm mg the past thiee weeks 

Condition on Readmission — ^Theie is no cyanosis oi d 3 'spnea The pulse is 
regulai in foi ce and rhythm, of water hammer type Capillaiy pulsation pi es 
ent The arteiies aie sclerosed, as noted formeil 3 ' 

Eeart — The cardiac dulness lies at the third rib above, to the i ight at the 
right sternal margin, to the left 5^ inelies from the midsteinal line There 



ED^VARD PERKINS CARTER 


825 



Fig 8 — Electrocaidiogiams, Case 12 Tlie P-R inteival measures 018 second 
The Q-R-S interval measures 0 13 second In Lead I the initial deflection R' appears 
as a broad, tall peak with conspicuous notching T’ is inverted lying in a direction 
opposite to the prominent deflection R’ In Lead II R' is wanting, the initial deflection 
8' appears as a deep depression of incieased duiation as well as amplitude, with con- 
spicuous notching T is exaggerated, upright, in a direction opposite to the piominent 
deflection 8' In Lead III 8' is conspicuous as a deflection of gieatly increased ampli- 
tude with marked notching T’ Is upright in a direction opposite to that of the con- 
spicuous deflection 8' The increase in the P-B inteival and the great increase in the 
duration and amplitude of the initial phases of the ventrlculai complex is apparent in 
all three leads The bivarre character of the cuives lecorded on this date is in striking 
contrast to the cuncs taken on the following daj 



Pig 9 —Electrocardiograms, Case 12 The P R interval measures 0 18 second 
The Q R-8 interval measures less than 0 1 second In Lead 1, R is present as a peak 
of short duration and amplitude T Is upright, Ijmg m the same direction as the 
peak R In Lead II, R and 8 are present E appearing as a deflection of short dura- 
tion T IS inverted lying in a direction opposite to the peak R In Lead III the Initial 
deflections R and S are not exaggerated T is again Inserted 
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IS a systolic as well as a presystolic muiniui at the ape\, the latter is heard 
only with eveiy fifth oi sixth heat Over the aortic area there is a double 
murmur The specihc gravity of the urine is 1 028, a trace of albumin is present 
June 12, 1913 Undei rest the patient’s condition, so far as subjective symp- 
toms aie concerned, has mateiiall-\ improved His pain has been relieved and 
he feels much moie comfortable The physical signs lemain unchanged 

Elecirocai diagrams — This case is of especial interest, in that during the 
period the patient has been undei obsenation, varving degiees of heart block 
have been noted 

A comparison of the eleetioeaidiogiaphic cuiies taken on the second and third 
day after his fiist admission (August, 1912) is most interesting and instruc 
tive, the exaggerated, bizarre foim recorded August 18 (Fig 8), the result of 
defectis^e conduction of the right branch of the auriculoventricular bundle, due 
to his febrile attack, giving place to the very different curve recorded on the 
next daj’’ (Aug 19, 1912) On this date the ventiiculai portions of the curves 
have entiiely altered (Fig 9) Theie is no evidence of anj’ defect in conductivity 
of the right bianch of the bundle, but onh of a lelative pieponderance of the left 
ventricle 

These two figuies aie most instinctive, illustiating as they do the occurrence 
of a tempoiaij defect in conductiMtj' of the light branch of the auiiculoven- 
triculai bundle (Fig 8), and on the subsidence of this acute defect, the physio- 
logical electrocai diagrams foi this patient (Fig 9) indicatiie only of a relative 
left ventriculai hypertiophy In addition to the aeiy apparent diffeiences in 
the duration and amplitude of the opening phases, as uell as in the direction 
of the prominent deflections in the vaiious leads of the tuo figures, a compari- 
son of the direction of the summits T' and T in the con esponding leads is most 
important In each of the con esponding leads, of the two figures, it will be 
noted that -ttheie T' points in one diiection T points in the othei, and that, 
throughout, T is much less conspicuous than T' 

In Figuie 8, T', in accoi dance Mith the geneial rule in these eases, lies in 
a direction opposite to that of the prominent initial deflections in all leads In 
Figure 9 the iniersion of T in Lead II is in itself of pathological significance 
Note the absence of notching in the A'entiiculai complex of Figuie 9 
These tuo figuies may -well sene to emphasize the diffeiences between the 
cuives obtained as a lesult of a defect in conductivity of the right bianch of 
the auriculoaentiiculai bundle, and those due to a relative hypeitiophy of the 
left ventiicle 

Case 13 — Rheumatic myocaiditis, pleuiisy with effusion, displacement of 
the heait and caidiac faihne (Electrocardiograms, Fig 10) 

Patient — A, aged 35, was admitted to the hospital Sept 11, 1912, com- 
plaining of shoitness of breath and spelling of the legs 
Family Histoiy — Negative 

Peisonal Histoiy — ^At the age of 18 the patient was ill foi tliiee months with 
acute rheumatic fevei Subsequently he had many similar, though less severe 
attacks, until he was 28 Five months ago he had an acute pleurisj with 
effusion, "uas tapped and a large amount of fluid was withdrawn from the left 
pleura He has used alcohol in moderation and does not use tobacco 

Piesent Illness — ^Duiing the past seven yeais the patient has been quite fiee 
from any symptoms of acute rheumatic fever, but states that foi the past seven 
months he has suffered from a feeling of exhaustion aftei slight exertion, and 
from very marked shortness of bieatli since his pleurisy five months ago He 
further states that, to his knowledge, his heait has been affected for ten years 
at least 

Condition on Admission — The patient is thin and pooily developed He has 
a bad pyorrhea He is slightly cyanotic, and dyspnea is marked On the left 
side the movements of the chest are limited and tubular breathing is heard at 
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the apex behind Theie is dulness at the base of the left lung and the bieath- 
sounds aie weak Friction sounds aie heaid in the region Theie is 

slight edema of botli legs The tempeiatuie is normal The pulse is regular, 
from 76 to 104 pei minute, the ai terms aie a little thickened, the systolic blood 
pressure varies fiom 98 to 134 mm Hg 

Eeatt— The point of maximum impulse lies in the fourth interspace, 2 
inches inside the right nipple line There is a diffuse pulsation ovei the rig it 
side of the chest internal to the mam impulse The limits of cardiac dulness 
he at the third rib above, and 2 V 2 inches to the light and left of the midsternal 
line The first sound is inaudible at the apex, the second sound is accentuated 
and a coarse systolic murmur is heard The second sound is reduplicated at 
both pulmonary and aoitic cartilages A pleuiopeiicaidial fnction-rub is hear 
over the left half of the piecordium Roentgenoscopy showed gieat displacement 
of the heart to the right, with enlargement, but no trace of fluid could be seen 
Sulseqnent Exstory — ^After a sufficient period of rest in the hosptal the 
patient so far improved as to be able to leave So far as is known at present 
(June 14, 1913) he is still living 



Fig 1 C— Electiocaidiognms Case 13 The ^ 

'She QR S interval measures 0 13 second In Lead I, R with 

8’ appearing ns n depiession of greatly incieased „ Jj^ection 

suggestive notching nt the extiemc base ahe summit J is ^"P^Sht, Jyi g (jpflection ;Sf' 
opposite to the prominent deflection 8’ In Lend II, /> is j-ngg y* 

IS of greatei amplitude and duiation, again with suggestive notching ^ ^ jjj 

IS upright in a diiection opposite to the piominent deflection S ^ration and 

initial deflection R' is present as a conspicuous summit of „ direction 

amplitude, with maiKed notching T is again conspicuous, inveited, y g other 

opposite to the prominent initial deflection R' When compared with nil Jhe 
accompanjing flguies, it will be seen that the direction of shown that in 

tions m Leads I and III are in the opposite directiony “ ,Tiitial deflection 

lesions involving the left binnch of the mmculoventnculai bund always upward 

in Lead I is alwass downwnd (apex negaLve) while in Lead III, it is always ui 
(base negative) 


This case is of especial mteiest in that it is the single instence, in the 
of involvement of the left branch of the auiiculoventriculai un e 

Oase 14 — Arteriosclerosis, eardiac hypeitiopliy, myocai diiis, alien > 

caxdiac failuxe and death , , 

Patient~W P, a waterside laborei, aged 62, was admitted to the hospital 
Nov 1, 1912, complaining of faintness and shortness 0 rea 1 
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Peisonal H'lStoiy — With the evceptiou of an attack of pleurisy twelve year; 
ago there is no histoiy of any acute illness The patient has had repeater 
attacks of tonsillitis to which he has paid little attention He also states tha1 
he has suffered fiom so called “musculai rheumatism” for many years, but thal 
he had not had acute iheumatic fever A sister is said to have had a history oj 
vague “rheumatic” pains He denies syphilis He has used but little alcohol 
and smokes in moderation - 

Piesent Illness— For the past eighteen years the patient has felt less fit for 
work than previously, and from tune to time has expeiienced shortness of hieath 
Eight years ago while cariying heavy wheat sacks he had an attack of faint- 
ness and was foiced to stop work He noticed at this time that his scrotum 
was a little swollen and that it increased in size during the next two days He 
was treated at a hospital, impioved and went back to work A year later he 
had a similar attack and vas again incapacitated He has not been well since 
this attack in 1906, and has been treated at several institutions recently for 
an aggrav^ation of the same symptoms and faintness 

Condition on Admission — The patient is pale and spare The conjuncture 
are bile stained, there is a little cyanosis of the mucous membranes He has 
hurried and irregular bieathing Diopsy of the legs, genitalia and scrotal 
region is pi esent The ui me is acid, specific gravity 1 018, and a trace of 
albumin is present The liver is enlarged and there is some ascites There is 
dulness at the left base of the chest with weak breath sounds, faint r,Hes are 
heard at both bases The temperature is normal 

Seal f — The heart’s dulness extends 2 inches to the right and 6^ inches 
to the left of the midsteinal line There aie no murmurs The heart-beats are 
either regular at 80 or 90 pei minute, when cantering rhythm is heard, or the 
beats are in couples, when three sounds accompany each beat of the couple 
When the coupled beats are present the pulse rate is lialved The arteries are 
thickened, the systolic blood-pressuie is 120 mm Hg Venous pulsation in the 
veins IS conspicuous and these vessels are enlarged 

Course — After a prolonged stay in the hospital, the dropsy and many of the 
signs of engorgement were reliev^ed, and the breathing was much freer The 
patient died Peb 13, 1913, shortly after leaving the hospital 

Elecirocardiogi ams — The P-R interval could not be determined owing to the 
presence of auricular fibrillation The ventricular complexes were similar to 
those shown in Figure 3 The premature beats recorded were in all leads — I, 
II and III — in a direction opposite to the aberrant beat, and hence arose from 
the right and basal portion of the v'entiiele 

Case 15 — Myocarditis in gouty subject, anginal symptoms, syncopal attacks, 
extrasystoles and alteiation (Electrocardiograms, Fig 11) 

Patient — J W, a man, aged 68, was first seen Nov 6, 1912, complaining 
of attacks of faintness and occasional loss of consciousness 

Peisonal Eistoiy — ^For many years the patient has been subject to acute 
attacks of gout For a few years he has had occasional attacks of faintness and 
throbbing in the chest and a feeling of great distress, these symptoms coming 
on always after exertion In some of the attacks he has lost consciousness for a 
few seconds These attacks have not been frequent, and as a lule hav^e been 
isolated, but on one occasion five attacks occurred one after another The feel- 
ing of distress is relieved by nitroglycerin 

Condition on Admission — ^The patient is heavily built and shows little or no 
dyspnea or cyanosis The urine contains no albumin and there are no signs of 
dropsy The pulse intermits occasionally, the rate is 78 to the minute The sys 
tolic blood presure is 160 mm Hg 

Heart — The impulse is diffuse, theie is an extension of dulness towards the 
left side No murmurs are heard, but the first sound is reduplicated at the apex 
and base 




Fig H — Flectiocaidiogiims Cnso 15 The P If inteiMil moasuics 0 2 second The 
Q-]? S inteinl ineismes 0 IG second In Lead I, the initial deflection R' appeals as a 
tnoad Viide summit, with conspicuou«lj split top The final deflection T' is ineeited 
Jjing in a diiection opposite to the deflection R' In Lead II, R' is piesent as a slioit 
summit with maiKed notching, the deflection S’ is conspicuous as a deep depiession 
with notching, the final deflection 1" is upiiglit Ijing in a diiection opposite to the 
piominent deflection 8’ In Lead III, R’ is inconspicuous. S' appeal s as a deep depics- 
sion of e\aggeiated amplitude and duiation, with niaiKcd notching The final deflection 
T’ IS again upnght, Ling in a diiection opposite to the piominent deflection S' The 
incieast of the PR inteiral and the increase in the duiation ind amplitude of the 
eaiL phases of the complex is appaicnt in all leads The single picmatuie beat lecoided 
in Lead III is in the same diiection as the piominent deflection S' 



Fig 12 — Electioeiidiogiams, Case 10 The PR internal measuies 0 14 second The 
Q R 8 inteiial is not incieased, measuiing 0 08 second In Leid I the initial deflemio^ 
]{' IS conspicuous as a till peak of gieatlj incieased amplitude The final deuection a 
IS inaeited Ling in a diiection opposite to the piominent summit R Tlieie is no no - 
ing In Lead II, the initial deflection R' is present and equalL as conspicuous as a 
deflection S' llie final deflection T’ is upiight In Load III, the 
is inconspicuous, the deflection S' appearing as a deep depies&ion of gioatiy incio 
amplitude The final deflection T' is upnght in a diiection opposite to the conspicuous 
deflection 8' The incieased amplitude of the initial deflections in I is 

ippaient, as is the diiection of the final deflection T’ in lelation to R ana * 
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THE ARGHIVEE OF INTERNAL MEDICINE 


Ciaplnc Records — The inteinnssions aie the lesult of piematuie contractions 
ansing m the \cntncle They aie eithei isolated or occur in shoit groups The 
piematuie heats aie followed by alternation of the pulse 

Case 1G — 31yocai dtiis, altctnaUon, Glieync HioLes hicathing, high Hood 
piessnie and caidiac failuie (Electrocaidiogiams, Fig 12 ) 

Paiicnt — D E, a physician, aged 54, yas seen Nov 1C, 1912, complaining of 
bieathlessness on e\eition 

Posonal Hist 01 y — The patient had an attack of erysipelas when 15 Othei 
wise, yith the single exception of an attack of pleunsj’^ some years ago, liis his 
toiy IS negative He has been modeiate in his use of alcohol, hut has alvajs 
eaten veiy heaitily His life has been veiy active 

Picsoni Illness — Foi tliiee months past he has suffeied fiom bieathlessness, 
which liaj been iiici easing steadih At piesent it is hi ought on hj even slight 
exeition Theie has been no pain, soieness of the chest oi palpitation 

Gondiiion on Admission — The patient is lieaMly built, florid and a little 
cjmnosed He is of a neiious tcmpciament Theie is slight diopsy of the legs, 
but no enlaigement of the Inei He has a tcndencj'^ to Cheine Stokes breathing 
The 111 me contains no albumin 

Hcaif — The apex heat cannot he found The aiea of the heart’s dulness is 
inci eased to the right and left At the apex, gallop ilnthm is lieaid Theie 
aie no muiniuis At the base the sounds aie noimal The pulse intermits occa 
sionally, the aiteiics aic much thickened, the sjstolic blood pi essiire is 210 
mm Ilg 

Snhsequcnt Uistoiy — The patient vent home and died in August, 1913, 

Case 17 — Rheumatic myocaiditis, caidiac hypcitiophy, aoitic disease, ven 
iiiculai exit asystoles and caidiac failinc (Electiocaidiogiams, Fig 13) 

Patient — ^^V 0, a hotel poitei, aged 27, vas admitted to the hospital Feb 
4, 1913, complaining of pain in the chest, ankles and knees 

laimly Histoiy — Negatiie 

Peisoiial Histoiy — The patient had chorea at 11, and iheiimatic feiei at 17 
Follouing the iheumatic fevei, ten yeais ago, his heait vas affected, and he has 
had slioitness of hieatli evei since 

Piesent Illness — The patient lefeis the commencement of his piesent acute 
symptoms to tlie sudden onset, about ten days ago (Jannaiy 26), of a sliaip 
and seveie pain in the chest, in the legion of the heart, yhicli is aggiavated bj 
breathing oi by coughing Thiee days latei his ankles became svollen, led and 
tendei, and subsequentlj his knees also The patient has been shoit of bieath 
foi the past ten yeais, but this has been much woise dm mg the past veek 

Condition on Admission — The patient’s teinpeiatuie is 101 F Both knees 
and ankles ai e swollen, but not i ed oi tendei , he is sv eating pi ofusely The 
pulse IS typically watei hammei in charactei, showing occasional extr as j stoles 
Capillary pulsation is plainly visible There is a inaiked pulsation of the ves 
sels in the neck The aiteiies aie not thickend No iheumatic nodules aie 
pi esent 

Heait — There is pionounced heaving of the entiie left side of the chest, and 
a distinct shock palpable in the epigastrium The iippei limit of caidiac dulness 
lies at the thud iib, to the light 1% inches and to the left 6% inches from the 
midsteinal line The apex is yell outside the left nipple line m the fifth mtei 
space The lust uid second sounds aie leduplicated, the fiist ovei a yide aiea 
lieaid 3 inches to the light m the fifth intei space Ovei the apex theie is a sjs 
tolic muimui Over the aoitic area theie is a systolic and a diastolic muiinui, 
the latter being conducted oiei the entire heait On admission theie yere signs 
of pleiiiisv yitli effusion at both bases, and a general bionchitis The livei was 
palpable inches beloy the costal mu gin, no pulsation yas piesent 
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Course — ^By Tebniarj' 14 the temperature had fallen to noimal, the swelling 
of the 30 ints had subsided, the signs of effusion in the chest had wholly dis- 
appeared, and the dyspnea was greatly relieied He was later discharged from 
the hospital 

Rulserjuent Etstoixj {June 18, 1013 )— The patient is alne and in fair con- 
dition 




rig ii — Elfctiocarehogntns Cisc 17 The PR intciiTl ineasuies 0 17 second 
The Q-R h intenal measuies 0 08 second In Ijcad I, the initial deflection R' is con- 
spicuous IS a tall peak of groatlj incicased amplitude The final deflection T is 
inieitcd, hing in the opposite direction In Lead II, the initial deflection R’ is con 
spicuous as a summit of exaggerated amplitude with maikcd notching k' is incon- 
spicuous The final deflection 7" is again iniorted, Iving in a direction opposite to the 
prominent deflection R' In Lead III, the dfflection R' is piesent as a shoit notched 
peak The deflection is conspicuous as a depression of enoiraously exaggerated 
amplitude Ihe final deflection T is upiight in a direction opposite to the conspicuous 
deflection h' flhe greath increased implitude of the initial deflections is appaient at 
a glance, as is the diieetion of the conspicuous final deflection T' in n lation to the 
piominent deflections R' and S' 

This case is of especial interest in view of the sarjing degiees of heart-block 
noted, the P-R interval xarjing between 0 28 and 0 17 second m curses taken on 
different occasions 

C'Asn 18 — Ariel loader osis, caidtac Jiypei ti ophy, aortic disease, acute pleurisy, 
caidiac fatlme and death {Electrocardiograms, Fig 14 ) 

Patient — G C, a milk-carrier, aged 47 was admitted to tlie hospital Feb 
7, 1913, complaining of shortness of breath, sleeplessness and pain in the chest 
Pamily JJ-isioiy — ^Xegatise ]J7o historv of rheumatic feier in the family 
Personal History — There is a historv of sjpliilis twentv-four lears ago, at 
the age of 23, and of a severe attack of tjphoid feier twehe lears ago There is 
no historv of rheumatic feier oi of any other illness The patient has used 
alcohol and tobacco in moderation 
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Piesent Illness — About 18 months ago (August, 1911), the patient fiist began 
to e\peiience attacks of pain, stabbing in character, starting in the front of 
the chest over the lower end of the stcinum and passing through to the back 
between the shouldei blades These attacks came on chiefly at night, and lasted 
fiom half an hour to two houis The pain was often worse just under the left 
shoulder blade, and the cessation of the pain was frequently followed by paro\ysms 
of bieathlessness A week after the onset of these symptoms he noticed that his 
feet began to swell, and a feu days later he was obliged to give up woik Dur 
ing the past siv weeks he has had frequent attacks of distressing shortness of 
bieatli associated with this pain in the chest, coming on even though lying quietly 
in bed, he has also had a troublesome cough unaccompanied with any expec 
toiation 









is 



Fik 14 — Elcctrocsidiognms, Case IS The P-U latcival mcasuies 0 2 second In 
Load I, the initial deflection R' is conspicuous as a tall peak of greatlj inci eased ampli 
tilde The final deflection T' is conspicuous and inierted, lying in a diiection opposite 
to the piominent summit R' In Lead II, the deflection R’ is absent, the initial 
deflection .S' is conspicuous as a maiKedlj split depression The final deflection T 
IS upiight hmg in a diiection opposite to the piominent deflection S' In Lead III, 
the initial deflection S' is conspicuous as a deep depression of greatly incieased ampli 
tude The final deflection T' is upiight, hmg in a dhectlon opposite to the piominent 
deflection S' The diph isic character of the complex in Leads I and III, the gieatly 
increased amplitude of the initial deflections, and tin diiection of the conspicuous final 
deflection T', in lelation to the piominent initial deflections, aie appaient 


Condtiton on Admission — ^The patient, a well developed man, is Ijmg propped 
up in bed, quite dyspneic The mucous membranes are pale There is marked 
pulsation of the vessels in the neck The pulse is full and regular in foice and 
1 hythm, not compressible, typically ii ater hammer in character when the arm 
IS raised The vessel u all is thickened 

Heait — The caidiac impulse is visible in the fifth, sixth and seventh inter 
spaces In the fifth interspace in the anteiior axillary line it is heaving There 
IS a systolic letraction 1 inch below the left nipple The upper limit of caidiac 
dulness lies at the third interspace, to the right 1% inches and to the left 6% 
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inches from the nndstein.il line At the ape\ a soft double mmmui can be lieaid 
ovei a \Mde aiea Both of these murmuis can be followed up the left boidei of 
tJie steinum At the aoitic cartilage the fiist sound is obscuied by a harsh sys- 
tolic murmui tiansmitted upwaid into the vessels of the neck The second sound 
IS distant and followed by an eai ly diastolic rauimui tiansmitted downwaid 
The fust sound is not heard anywheie 

Resptiaioiy System — ^Noimal but foi a few fine ciepitations at both bases 
postei 101 ly 

L^vc} — The In^ei is palpable a hand’s bieath below the costal maigin The 
spleen is not palpable There is maiked edema of both legs The specific giamty 
of the 111 me is 1 006, a trace of albumin is piesent but no sugai No casts seen 

Dining subsequent observation up to the time of death, April 10, the patient’s 
geneial condition vaiied but little fioni day to day By February 25 the edema 
of the legs had disappeaied, only to letuin again latei The pain in the chest 
was peisistent, coming on in paiovysms iihich left him veiy dyspiieic and gieatly 
depressed 

The cardiac signs remained piactically unchanged, though by Mai eh 19 the 
diastolic muimui at the base had wholly obscured the second sound 

About Apiil 1, the pain in the chest became more pionounced, the attacks 
came on moie often and peisisted longei Apiil 5 the patient complained of 
great pain m the lower right side, and a fiietion-iub was discoveied, heaid 
ovei tlie foul lowei intei spaces on the light side beliind Apiil 6 there was 
well maiked dulness ovei tins aiea, associated with weak lespiiatoiy sounds 
and deci eased vocal lesonanee and fieniitus On this day a small amount of 
bright led blood was coughed up ’Ihis condition peisisted and Apiil 8 a fiic- 
tion-iub was audible ovei the fifth intei space on the left side anteiioily On 
the morning of Apiil 10 a well marked peiicaidial fiiction mb was heaid Theie 
was dulness below the angle of the light scapula, ovei which aiea the bieath 
sounds wcie weak and tlie lesonance inci cased The patient died suddenlj'^ dui- 
mg the moining The tempeiatuie just befoie death was 08 F, and at no time 
since admission had it been above 99 F 

The systolic blood-pi assure was 190 mm Hg on admission, and had langed 
between this figure and 140 mm Hg, the mean systolic piessuie being about 140 
mm Hg The specific gravity of the uiine langed fiom 1 006 to 1 028 A tiace 
of albumin was constantly present No casts weie seen 

Case 19 — Ai ienosclet osis, htgh hloocl pressm e, cauhac hypei trophy, myo- 
carditis, mitral disease, nephritis and cardiac failure (Electiocaidiogiams, 
Fig 15) 

Patient — W J, a coach buildei, aged 42, ivas admitted to the hospital Feb 
10, 1913, complaining of shortness of bieath 

Family History — Fathei died of pneumonia, aged 52 Mothei died at 47 
of a “iheumatic heait” 

Personal History — ^There is no histoiy of chorea or iheumatic fevei He 
conti acted syphilis in 1889, foi which he was tieated with mercury ovei a peiiod 
of eighteen months During the wintei of 1911 to ’12 he had an attack of asthma 
He has used alcohol in moderation, tobacco to the evtent of 2 ounces a ueek 

Present Illness — ^The patient attiibutes the onset of his piesent acute symp- 
toms to the attack of asthma, which he had a yeai ago Soon aftei this illness 
he began to suffei from shortness of breath and attacks of palpitation, which of 
late have giown moie fiequent and have been veij’^ distiessing Eight months 
ago he began to cough and from this time has had a persistent cough accompanied 
by a fiothy expectoiation, at times slightly stieaked vitli blood Foi the past 
tuo months he has noticed that he has voided less urine than usual He has 
slept pooily 
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Vondttion on Advmsion — The patient is a stoufc man i\lio looks oldei than 
he IS As he lies piopped up in bed theie is slight dyspnea The lespirations 
are 28 The chest moves hut little and theie is some impaiiment of lesonance 
ovei the left base posteiiorly 0\ei this aiea the lespiiatoiy sounds are weak 
Sonoious and sibilant lales aie heard o\ei the entire chest There is no clubbing 
of the fingeis The pulse is legular in force and rlnthni, 100 per minute The 
systolic blood piessuie is ISO mm Hg The livei is palpable 3 inches below the 
costal maigiii Theie is slight edema of the feet The tempeiatuie is normal 
The specihc gi avity of the urine, on admission, v as 1 030, with albumin pi esent 
in excess and many hj'aline and gianular casts The Wasseimann leaction is 
positive 

Eecnt — ^The apex heat is visible and palpable in the sixth interspace, 6 inches 
fiom the niidsteinal line The upper limit of caidiac dulness lies at the third 
Intel space, to the right 1^ inches, and to the left G inches from the midsternal 
line At the apex the fust sound is loud and booming, accompanied by a soft 
S'^ stolic niui mui , the second sound is shoi t and valinilar in chai actei The aortic 
second sound is accentuated, no muimuis aie heaid ovei the aoitic aiea 



Fig 15 — Electiocardiogiams, Case 10 Uhe PR inteiial measuies 0 2 second In 
Lead I, the initial deflection J?' is conspicuous as a tall peak of inci eased amplitude, 
with conspicuous notching’ The final deflection T' is inveited, lung in the diiection 
opposite to the deflection R' In Lead II, R' and S’ are both piesent and both show 
notching The deflection S’ is slightli the moie conspicuous The final deflection T’ 
IS upiight, hing in a diiection opposite to S’ In Lend III, R’ is piesent, but the 
deflection 8’ is conspicuous as a deep depiession of gieatly incieased amplitude The 
final deflection T’ is upright, in a diiection opposite to the pi eminent S' The increased 
amplitude of the initial deflections, the incieased duiation of the opening phases — the 
QR8 inteiial measuies 0 12 second — and the diiection of the final deflection T’, in 
lelation to R’ and S', aie apparent 

Suhsequent Htstoiy — After a few ueeks rest the acute symptoms weie much 
relieved and the patient left the hospital He was leadmitted at a later date 
and died in the hospital The PR interval measuies 0 18 and 0 2 second (tvo 
observations) 
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Case 20 — Myocaiditts, cmdiac liypeiUophy, aoitic disease, caidiac faihne 
and death ( Electrocardiogi ams, Figs 16 and 17 ) 

Patient — H, a laborer, aged 38, nas admitted to the hospital Feb 25, 
1913, complaining of shoitness of breath and pain in the chest in the region of 
the heart 

Family Eistoiy — ^Mothei is said to have died of “heart disease” Xo histoij’’ 
of iheumatic feier in the family 

Peisonal History — ^There is no history of any acute illness Ihe patient has 
neier had chorea or rheumatic fever He had syphilis fouiteen years ago He 
has used alcohol in model ation 

Present Illness — The patient states that Ins present illness began five months 
ago, vlien he first noticed that he became short of breath after any slight exei- 
tion This vas soon followed bv a sense of fulness and oppiession in the chest 
During the pa^^t month he has had attacks of pain in the chest leferred chieflv 
to the region of the second and third mterspaees on the left side These attacks 
have latterh become more fiequent, and at present "the pain is quite constant 
There has been no cough 

Condition on Admission — The patient is well-built, slightlj' cyanotic and quite 
dyspneic The pulse is regular in force and rhythm, typically w'ater-hammer in 
charactei Capillary pulsation is present The liver is palpable below the cos- 
tal margin 

Heai t — The point of mavimum impulse is diffuse in the sivtli interspace 
almost at the anterior axillary line There is a palpable s\stolic thrill at the 
apex The upper limit of cardiac dulness lies at the third rib, to the right 174 
inches and to the left 6 inches from the midsternal line Oier the aortic area 
there is a double murmui, and passing upward a short sjstolic murmur is heard 
over the vessels in the neck Passing dowmward the diastolic murmur becomes 
louder, being most intense over the third and fourth interspaces As one passes 
outward toward the apex a rough rumbling murmur is heard 3 ust before and 
associated with doubling of the fiist sound, suggesting a Flint muimur 

Goicise — After several weeks the patient’s general condition so far improved 
that he was able to leave the hospital, being at the time of his discharge prac 
ticallv free from pain, though still dyspneic upon exertion The area of cardiac 
dulness had slightly diminished, but otlierwise the phjsical signs remained 
unchanged, though at this time the rumbling murmur heard at the apex was 
not clearly associated with reduplication of the first sound 

Readmission (May 15, 1913) — The patient was readmitted to day, all his 
old svmptoms being more pronounced While he wms in the out patient depart 
ment, the following note was made Bieatblessness more marked, slight cyanosis 
and excessiA'e urobilin staining There is a slight effusion at the base of the left 
lung The liier is palpable at the level of the umbilicus 

Heart — ^The apex -beat is diftuse in the sixth interspace The limits of caidiac 
dulness aie to day at the third rib above, 2 inches to the right and 6 % inches to 
the left of the midsternal line Theie is a systolic thrill at the apex and a S 3 S- 
tolic and a full diastolic rumble ai e heard over this area Over the aortic and 
pulmonary areas there is a double murmur 

Gouise — The patient’s general condition grew^ graduallj’’ worse and he died 
in June, 1913 

Electi ocardiograms — ^This case is of more than usual interest in view of the 
widelv varying degrees of lieait block recorded The P-R interial ranged from 
0 21 to 0 3 second A comparison of the electrocardiographic curves recorded 
Februarj 27 (Fig 16) and again Maj 5, 1913, (Fig 17), is most mteiesting 
and instructne 
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Fig IG — FIcctiocTiciiognms Case 20 Before the de^elopmcnt of the lesion inioh 
ing the light hi inch of the niiilculoientilciilar bundle The PR intennl measnies 0 3 
second In Lend I, Q is absent, R is piomincnt and alieadi slioiis notching S is incon 
spicuous 'Ihe fimi deflection T is uptight In Lead II, the initial deflection R is moie 
piomincnt than in the Cist lend 'JOie final deflection T is in\ cited In Lead III Q 
IS conspicuous, R is piomincnt, and the final deflection T is again inaeitcd The 
ineteased P-R intenal, the siiggestlie notching of the piomincnt deflection R, and the 
inaeislon of T ate the sole signs of a distuibed mechanism, the cune is essentiallj that 
of cardiac Inpeitiopln 



Fig 17 — Electiocaidiogiams, Case 20 Ihe PR inteiial measuies 0 22 second 
Ihe QRS internal measuies 0 12 second In Lead I, the initial deflection E' appeals 
as a tall iMde peak, of gicatlj incioased amplitude, with maiked notching The final 
deflection T' is inaerted The pieraatuie beat lies in the same diiection as U' In 
Lead II, the initial deflection R' appeals as a conspicuously split summit The final 
deflection T' is upright The piematuie beat lies in a diiection opposite to the conspicu 
ous initial deflection R' In Lead III R' is absent the conspicuous initial deflection ,S 
appeals as a deep depression, of increased amplitude, and aith 

premature beats, it is seen, aie in the same diiection as the piominent initial deflection 
R' in Lead I, and in the opposite diiection in Lead II 
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These two hguies illustiate again, in a sti iking way, the diffeience betneen 
the electiocardiogram obtained as a lesult of simple cardiac hypei trophy, and 
that due to defective conductivity 

Tlie earliei physiological electiocaidiogiani for this patient, obtained in the 
light of a full knowledge of the degiee of caidiac hypei trophy present, could not 
be confused with the abeiiant coniplev obtained later, after the development of 
the lesion mvohung the conduction of the right branch of the bundle 

Casl 21 — MyocauJiiis, ai te) losclei osts, aortic disease and caidiac failitie 
(Electiocardiograras, Fig 18 ) 

Patient — J M , a poiter, aged 30, was hist seen June 5, 1913, complaining 
of palpitation of the heait and shortness of breath 

Family History — ^Negative 

Personal History — ^Iheie is no history of any acute illness The patient has 
not had iheumatic fever There is a history of syphilis fouiteen years ago, foi 
which he vas under treatment nine months He uses alcohol and tobacco in 
moderation 



Fig 18 — Electiocaidiogiams, Case 21 Tne P-R inteival mcasuios 0 17 second 
Tbe Q R8 inteival measuies 0 2 second In Eead I, the initial deflection R' is conspicu 
ous as a tall, broad summit mtb maikcd notching The final deflection T’ is conspicuous 
and inveited, lung in a diiection opposite to the summit R’ In Lead II, the initial 
deflection R' is again conspicuous as a summit of inci eased height and duration, with 
maiked notching The final deflection T' is inverted, lying in a direction opposite to tbe 
pi eminent summit R' In Load III, tbe initial deflection S' is conspicuous as a deep, 
bioad depiession with maiked notching The final deflection T' is upright in a direction 
opposite to the conspicuous S' The increased amplitude of the initial deflection^ the 
inci eased duiation of the opening phases, the direction of the final deflection / m 
1 elation to the piominent initial deflections R' and S', the conspicuous notching, and tne 
diphasic chaiactei of the complex aie apparent 

Present Illness — ^The patient states that for the past seven years he has hacl 
palpitation of the heart on slight exeition Beginning in August, 1912, lie firs 
noticed that he quickly became very short of breath after any unusual eftor 
He has had occasional pains in the right shoulder, but nothing that could sugges 
acute rheumatic fever Under medical advice he has been doing little 
the past three months, and states that his general condition has iraprore con 
sidei ably , 

Condition on Admission — ^The patient is thin and rather poorly 
He IS slightly ejaiiotic and quite breathless on evei tion The 
force and rhythm, except for an occasional evtrasi stole li 
atelv thickened The sistolic blood-pressure is 120 mm Hg 
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Heart — The point of ma^-imum imiiulse is in the fifth and 81 x 01 iiitei spaces 
The liniits of cardiac dulness he at the thud intei space above, and 2% and 5 
inches to the light and left of the midsternal line, lespectively There is a vell- 
maiked shock ovei the left side of the cardiac aiea and consideiahle pulsation 
in the second light intei space Theie is a systolic thrill at the base and a pio 
nounced aiastohc nniimiii at the aoitic caitilage Theie is a suggestive Plint 
muimui at the apex The livei is just palpable at the costal margin The Was- 
seimann leaction is positive 



Fig 10— Electiocsidiognms, Case 22 Note the complete independence of the 
auiiculai and ^entiicnlai ihjthms The ^cntiiculai late is 39, the ^ 

appioximateli GO In Lend I, the Initial deflection A' is conspicuous as a tall summit, 
vith maiked notching of incicascd amplitude and of slightlj mcieabcd duration T 
final deflection 3" is conspicuous and inieited, Ijing in a diiection opposite to t 
piomincnt summit Jl' The auriculai summit P falls just at the conclusion of the 
deflection B' in the fust complex of the figuie, and ohscuies the ^‘Pl^nsic chaiacte 
the complex as seen in the second and thud ventiiculai deflections In Lead Ii, tue 
initial deflection B' is piesent hut not piominent The deflection S is conspicuous as a 
deep depiession of gieatli incieased amplitude The final deflection P is inieited, 
in the same diiection as the piominent deflection S In Lend III, ^ 
initial deflection S’ is again conspicuous as a deep depiession of gieatlj incieased " 

tude with notching neai the base The final deflection 3" is iipiight in a direction 
opposite to S' The QBS intei val exceeds 0 1 second in all 

matuie beats recoided m this case ueie in a diiection opposite to the aberrant deflections 
m Leadr? and III, and hence arose from the right and basal poition of the ventiicle 


CASr: 22 — Gon[iemtal pulmonary stenosrs, car drae hypertrophy and complete 
aurrculoventrrcula'r heart Uoch (Electiocardiogiams, Fig 19) 

Patient — E N, aged 27, a domestic, was fiist seen Mai eh 12, 1913, com 
plaining of shortness of hieatli, of a “winter congh” foi as far back as she can 
remember, and latterly of pain in the chest about the heait 
Family History — Negative 
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Petsonal History — Apait fiom the statement, given above, of shortness of 
bieath, and of the history of a “vrinter cough” foi many yeais, theie is abso- 
lutely no other liistoiy of any acute illness The patient has nevei had scarlet 
fever choiea, rheumatic fever oi tonsillitis Careful questioning fails to elicit 
any liistoiy at all suspicious of a sj'plnhtic infection She states that, as a joung 
gill at school, she fiequeiitly used to “feel faint’ but that she neiei fell down 
or lost consciousness She has had no such sensations of faintness now foi many 
3 ears She has had no palpitation oi sense of distuibance as of sudden stop- 
page of the heart Tlieie is no histoiw of an} giddiness oi di7ziness in lecent 
3 ears 

Pieseiif Illness — ^The patient has been in domestic service for the past se\en 
years, doing hard, general nork, which often involved heavy lifting She first 
began to notice moie aggravated shortness of breath about a month ago 
(Februaiy 12), and found that she could not do her woik as usual without 
quickl}’^ becoming A'ery breathless and fagged out Thiee wrecks ago (Febriiai} 
19) she hist complained of pain in the chest, in the region of the heart of sud- 
den onset, quite sharp, and described as jumping in chaiacter This pain is not 
constant, but comes on quite fiequently thiee to eight, or more times a daj 
The pain has never been referred to the left shoulder oi down the left aim 

Gonrhtion on Admission — ^The patient is slightly built and latbei pooil}" 
nourished There is consideiable cyanosis of the lips and hands, but no clubbing 
of the fingers The pulse is of small Aolume, legular in foice and rhythm, 39 
to the minute 

Hcait — The point of mavimum impulse lies in the fifth intei space in the 
nipple line, but there is also a pulsation in the anteiior avillary line The 
upper limit of cardiac dulness lies at the third intei space, to the light 1% inches, 
and to the left 514 inches from the midsteinal line Theie is a pionounced shock 
o\ei the piecoidium There is a well-marked thiill palpable o^el the upper 
precordium, and heard at its maximum ovei the second left cartilage At the 
apex the first sound is loud, followed by a soft systolic muimui The second 
sound is reduplicated Over the aortic area there is a faint systolic murmur 
The respiratory rhythm is almost synchronous with the ventricular rate, but 
tracings show' that this is not constant 

Goinse — ^The patient has been seen quite legiilarlv, at weekly intervals Her 
general condition has improved By May 19 she w'as quite free from any attacks 
of pain, and the extreme breathlessness, for which she first sought relief, had 
been gieatlj relieved Jlay 26 she felt so much better that she asked to be 
allow'ed to return to work 

Electi ocai diagrams — This case is of more than unusual interest because of 
the presence of complete aunculoveiitricular heart-block together with a lesion 
im oiling the conductivitv of the right branch of the aiiriculoventiicular bundle 
It IS the single instance of complete auriculoventricular heart-block m our series, 
and illustrates in an incomparable way, the association of lesions involving the 
mam stem and one of its divisions 

COHCLUSIOKS 

1 In the presence of lesions imohing the conductivity of the 
blanches of the anriculoventricnlar bundle, a distinct and chaiactern ^ 
tj'pe of electroeai diogram is obtained To the ventiieular contiac 

on which these depend the term abeiiant may be applied 

2 This type of electrocardiogiam is frequently 
aoitic valve disease, it is distinct from that of h 5 peitroph 3 pio 
in one ventricle 
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3 Bundle-braucli defects are iisuall}’’ accompanied by defects in 
the main tinnk, suggesting that the junctional tissues as a whole liavc' 
a special pathology 

4 The evidence in oui possession is too slight to admit of any 
definite conclusione as to the i elation between lesions of the bundle 
blanches and the occunence of exti asystoles 

5 The electiocaidiogiaphic pictures of abeirant beats are probably 
of consideiable piognostic importance 

i -(Msli to e\picss my indebtedness to Di lliomas Lems, of London, foi Ins 
kindness in placing his notes and records at my disposal, foi many valuable sug- 
gestions and the couiteous aid leceived fioin him in the pieparation of this leport 

1872 East Xinet 3 MSeventh Stieet 
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THE VALUE OF HEXAMETHYLENAMIN AS AU INTERNAL 
ANTISEPTIC IN OTHER FLUIDS OF THE 
BODY THAN URINE ^ 

FEANK HHSTMAN, MD i 

A.sdstant Resident Surgeon, Johns Hopkins Hospital 
BALTrMORE 

In previous communications I have presented a method for the 
quantitative estimation of formaldehyd in the urine of patients receiving 
hexamethylenamm by mouth/ and the results of a study with this 
method of the value of the internal use of hexamethylenamm as a urmary 
antiseptic - This study on the urine clearly indicates that the conversion 
of hexamethylenamm into formaldehyd is a simple chemical process 
which will readily occui m an acid medium, but will not occur m an 
alkalme medium It also shows that the amount of this conversion is 
dependent on the degree of urmary acidity, the duration of exposure to 
the action of this acidity and the percentage concentration of the drug 
m it These facts have a significant bearing on the justification of the 
wide-spread therapeutic use of hexamethylenamm for other than vesical 
conditions It has been recommended as an antiseptic for practically all 
of the body fluids, the only basis for which, aside from clinical observa- 
tions, IS the presence of the drug m these fluids after internal admin- 
istration 

Although Butlerow^ had prepared hexamethylenamm more than 
thirty years before, Nicolaiei,'* m 1894, introduced it into medicine, and 
demonstrated formaldehyd m the uime as its decomposition product. 
Richardson,® m 1899, confirmed Nicolaier’s findings These observations 
immediately popularized the drug as a uimary antiseptic In 1907, 
Bucura® found free hexamethylenamm in human milk A year later 

* Submitted for publication Jan 28, 1914 

" Eead Jan 5, 1914, before the Johns Hopkins Medical Society, Baltimore 

1 Hinman, Frank Tr Am Assn Gen -Urin Surg, May 7, 1913 

2^F’^aan, Frank An Experimental Study of the Antiseptic Value in the 
Urine- ui the Internal Use of Hexamethylenamm, Jour Am Med Assn , 1913, 
Ki, 1601 

3 Butlerow Ann d Chem u Pharm , 1860, cxv, 330 

4 Nicolaier Deutsch med Wchnschr , 1895, xxi, 541 

5 Eichardson Jour Exper Med, 1899, iv, 19 

G Bucura Arch f exper Path u Therap , 1907, iv, 398 
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Crowe^ showed that it is excieted in the bile, pancreatic ]Uice and 
synovial and cerebiospinai fluids, and he recommended its prophylactic 
and curative value in diseases of the meninges of the brain and spinal 
cord Barton,® in 1910, found hexamethylenamin in secretions of the 
middle ear, and since then much has been written relative to its antiseptic 
value in otitis media In the same year Hanzlik® showed that it is 
excreted in saliva, and a year later Aimstiong and Goodman’^® found it 
in the sputa of tuberculosis and of pneumonia About the same time 
Gradle^^ demonstrated its presence in the anterior chamber of the eye, 
and in 1913 Whitman^® found it in both the aqueous and vitreous 
humors These findings have been lepeatedly confirmed All authorities 
are, therefore, agreed that hexamethylenamin is present after internal 
administration, in practically every fluid of the body 

Because of the ready conversion into formaldehyd in the urine, it has 
been assumed by some investigators that it acts in a similar manner in 
these other fluids, while other observers have presumably regarded hexa- 
methylenamin itself as of antiseptic value In the literature there is no 
evidence of free formaldehyd having been demonstrated definitely in any 
of these body-fluids (urine excepted) Hanzlik® was unable to find it in 
the saliva, Schmid and Schioeter^® failed to find it in human milk, 
Burnam’-® could not demonstrate it in the cerebrospinal fluid or bile, and 
more recently Hanzlik and Collins^® have stated positively that free 
formaldehyd is never present in saliva, milk, bile, cerebrospinal, synovial, 
pericardial and pleural fluids of man or in the vitreous oi aqueous 
humors of animals The apparent confusion on this point is due to the 
character of tests employed In those cases in which free formaldehyd 
has been reported as present in these fluids after the ingestion of hexa- 
methylenamin, the tests that have been used employ strong acids, which, 
by their action on the hexamethylenamin, liberate formaldehyd, which 
then reacts 


7 Crow, J S Johns Hopkins Hosp Bull, 1908, xiv, 109, ibid, xv, 102 

8 Barton, W M The Elimination of Hexamethylenamin by the Mucous 
Membrane of the Middle Ear, Jour Am Med Assn , 1910, liv, 871 

9 Hanzlik, P J The Excretion of Hexamethylenamin in the Saliva, Jour 
Am Med Assn , 1910, liv, 1940 

10 Armstrong, J J , and Goodman, E H The Excretion of Salicylic Acid 
and Hexamethylenamin in the Sputum, Jour Am Med Assn , 1911, Ivi, 1553 

11 Gradle, W S Ophth Bee , March, 1911 

12 Whitman Arch Ophthalmol , 1912, xli, 604 

13 Schmidt and Schroeter Centralbl f Physiol u Path d Stofifwechsel, 
1910, V, 129 

14 Burnam, C F An Experimental Investigation of the Value of Hexa- 
methylenamin and Allied Compounds, The Archives Int Med, 1912, 324 

15 Hanzlik, P J , and Collins, R J Hexamethylenamin The Liberation of 
Formaldehyd and the Antiseptic EfBciency under Different Chemical and Bio 
logical Conditions, The Archives Int Med , 1913, xii, 578 
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As an example of this may be cited the results of Ibrahim/® who in 
1910 piesented a bacteriological study of the cerebiospmal fluid with 
reference to the mhibitoiy action of hexameth 3 denamm on diffeient 
organisms (Staphylococcus auteur. Bacillus coli, B typlii ahdoniinahs 
and B pyocyaneus) with these conclusions 

1 After the mteinal administration of hexameth)denamin this can 
be demonstrated in the ceiebiospinal fluid of infants 

2 Hexametlndenamm in solution in cerebro'^pinal fluid forms, on 
standing at 37 C , foimaldehyd 

3 Hexamethylenamin gives m the ceiebiospinal fluid at body tem- 
peiature bactericidal action 

4 On the giounds of this activity it appears justified to administer 
hexamethylenamin as a theiapeutic mcasuie in all forms of serous and 
puiulent meningitis 

Ibrahim did notiecognwe the significance of acidity in the liberation 
of formaldeh 3 'd He used tliiee tests Hicolaier’s^" Bromwasscrprohe, 
Joirison^s test vith the use of acetic acid,^® and Hehner’s test (sulphuric 
acid) The first is a test for hexameth 3 lenamin and the other two, 
because of the acid used, are unreliable With legard to the antiseptic 
findings the bacterial counts are not very convincing, and I was unable 
to confirm them in three cases in winch, after the addition of about 
0 05 gm hexamethylenamin to 5 cc of spinal fluid, theie was no inhibi- 
tion of either Staphylococcus aweus oi Bacillus coli aftei seventy-two 
hours’ incubation, as shown by the count aftei transferring one oese to 
an agar-plate, although the delicate tests (phloroglucin and amidol) for 
formaldehyd were present 

The importance of acidity to the decomposition of hexamethylenamin 
has but just recently been leeognized Wiggs^® suggested its influence 
in the urine in 1910 Jordan,-® a year later, leported that formaldehyd 
was not found in alkaline urines, and recently studies by Smith, Hanzlik 
and Collins^® and myself- have independently demonstrated the impoi- 
tance of the degree of urinary acidity in the use of hexamethylenamin 
as a urinary antiseptic The excellent papei of Hanzlik and Collins 
appeared not long ago, and, since it is in accord largely until the present 
study, a few of their conclusions will be given, and are as follows 

Alkalies prevent, while acids facilitate the liberation of formaldehyd from 
hexamethylenamin in all body fluids 


16 Ibrahim Med Klin , 1910, p 48 

17 Nicolaier Ztschr f klin Med , 1899, xxxviii, 350 

18 Jorrison Chem Ztz , 1897 290 

19 Wiggs South Med Jour , December, 1910 

20 Jordan Biochem Jour , 1911, v, 274 

21 Smith, 6 G Bost Med and Surg Jour , May 15, 1913 
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The liberation of formaldehyd from hexamethylenamin in pathological fluids 
obeys the same laws as in other solutions, that is, it can only occur in acid 
reaction 

After administration, hexamethylenamin is present, but does not liberate free 
formaldehyd in blood, cerebrospinal, pleural, pericardial and synovial fluids, 
vitreous and aqueous humors, and urine when truly alkaline 

The beneficial therapeutic effects of hexamethylenamin depend on the liberated 
formaldehyd Such effects are to be expected principally, if not always, in acid 
urine only 

The present work embodies the testing for formaldehyd of both 
normal and pathologic fluids of patients being fed hexamethylenamin 
with a study of the action of these fluids in vitio toward the liberation 
of foimaldehyd when subjected to infection The main question at issue 
was to determine whether infection conld alter the reaction of these 
normally alkaline fluids sufficiently to produce the liberation of formal- 
dehydj and, if so, whether there would he enough liberated to produce 
antisepsis i 

ANTISEPTIC VALUES OP POEMALDEHTD AND HEXAMETHYLENAMIN 

A review of the work of othei investigators and my own experiments^ 
indicates that formaldehyd is a slow and a relatively weak germicide, hut 
that, up to certain dilutions, it exerts a powerful inhibitory influence on 
bacterial development This power of inhibition varies slightly with 
different organisms A dilution of liquor formaldehydi of about 1 16,000 
will cause complete inhibition of the growth of Bacillus typhosus for 
twenty-four hours, a dilution of about 1 6,000 will completely kill the 
organism in that time, about 1 30,000 dilution will partially restrain 
its growth, while a 1 40,000 dilution has no apparent effect unless the 
results are shown by means of plating and a systematic bacterial count 
when a slight diminution in the count is obtained Higher dilutions 
have no inhibitor}’' effect 

Hexamethylenamin has been shown repeatedly (Burnam, Jordan, 
Hanzlik and Collins) to have no germicidal or antiseptic power Hanzlik 
and Collins found that hexamethylenamin, to which 0 5 per cent 
ammonium hydroxid had been added to prevent the liberation of for- 
maldehyd, in as strong a dilution as 1 50 did not inhibit the growth of 
the organisms studied In my experiments bacteria (B typhosus, B coh 
M pyoqenes am eus) grew as readily in a slightly alkaline broth to which 
hexamethylenamin had been added in the proportion of 1 100 as in 
normal broth 

It IS seen, therefore, that hexamethylenamin is of value as an anti- 
septic only after its conversion into formaldehyd, which must be present 
m the proportion, at least, of about 1 30,000 
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TESTS EMPLOYED POE EOEMALDEHYD AND HEXAMETHTLENAMIN 

Pour different tests were made use of in the examination of mateiial 
Hehner’s test^- was used to show the presence of hexamethylenamin It 
IS really a test for formaldehyd, hut the strong sulphuric acid used in 
the test quickly converts the hexamethylenamin into formaldehyd, which 
then reacts, so that it is given equally well by both drugs The amidol"® 
and Joinson’s^® phloroglucin tests were used to detect small amounts of 
formaldehyd not shown by the Eimini test The amidol test, although 
very delicate, is not particularly reliable, and is not applicable to all 
fluids The phloroglucin test is both delicate and reliable Neither test is 
given by hexamethylenamin Both are qualitative tests only. Eimini’s®^ 
test was modified so as to be used for quantitative estimation’^ of for- 
maldehyd, for which it is reliable up to dilutions of about 1 60,000 It 
IS not given by hexamethylenamin If formaldehyd is present in less 
amount than 1 60,000, it can be of no practical importance inasmuch as 
it would not be antiseptic , but the amidol and phloroglucin tests would 
show even minute quantities (up to 1 10,000,000) With these testes it 
IS possible to determine the presence or absence of both hexamethylen- 
amin and of formaldehyd, to determine whether hexamethylenamin is 
present alone and if formaldehyd is present, to estimate the quantity 
up to 1 60,000 

EXAMINATION OF NOEMAL AND PATHOLOGIC FLUIDS 

The material for examination consists of that from eleven cases of 
cerebrospinal and ventiicular fluids, four cases of otitis media, two cases 
of empyema, one case of pelvic abscess, six noimal blood-serums, two 
cases from which normal bile was obtained, three from which sweat and 
five from which saliva was collected This mateiial may seem small in 
amount fiom which to diaw conclusions, but the main object in view 
was experimental and not clinical Bach fluid was subjected to many 
diffeient tests with particulai refeience to changes in leaction and the 
influence of these changes on the liberation of formaldehyd With two 
exceptions all patients had been given hexamethylenamin by mouth 
before the fluids were collected In no case was fiee foimaldehyd found 
All showed the presence of hexamethylenamin After the conversion of 
this hexamethylenamin with acid theie was in no case enough formal- 
dehyd liberated to furnish antisepsis These findings will be outlined 
briefly and tabulated 

Ccieho^pinal Fluid — The spinal or ventricular fluid was obtained 
by lumbar and ventricular puncture in several cases and tested as shown 

22 Hehner Abstr , Lond Chem Soc , 1896, A, ii, 583 

23 Referred to in Allen Commeicial Organic Clieinisti\ 

24 Rimini Chem Zentralbl, 1898, i, 1152, abstr, Joui Soc Chein Indnsti 
1898, 697 
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TABLE 1 — Examination of Ceeebrospinal Fluid 





Tests* 

ase 

Diamosis 

Mateiial and Treatment 







Date 



Amidol 01 
Phloroglucin 

1 

T u b e 1 culous 

Hexam 15 gr , t i d , p c , for sevei al 






meningitis 

days Lumbar punctuie, 11 cc 
fluid 

4/24 

+ 







Crystals of acid sodium phosphate 

4/24 


j 




added to 3 c c 

4/26 

J- 

1 

[ 

1 



5 c c inoculated with M pyo aur 

4/24 



! 



Incubated at 37 C for six days 

4/30 


— 

\ 1 
*1“ 

2 

Tube rculous 

Hexam 20 gr , t i d , p c Lumbar 






meningitis 

puncture 

4/26 

+ 

— 

1 

3 

Lues 

Hexam 20 gr , q 2 h , two days 







Lumbar punctuie 

Crystals of Na^HPOi added to 5 c c 


-r 

1 


1 

1 



after twenty four hours 


+ 

T 

i + 

4 

Medical 

Hexam 20 gr , q h , added 4 doses 
Lumbar puncture 

4 c c inoculate,, with B coU after 


+ 

— 

I 

i 

1 

1 



foitj -eight hours 


+ 


-L. 

1 

5 

Medical 

Hexam 20 gr , q h , added 4 Lumbar 







puncture 


+ 

— 

— 

C 

Hydrocephalus 

Hexam 5 gr , q h , added 8 Yen- 





1 

m child 

tricular puncture 

5 c c inoculated with broth culture of 


1 

T 





meningococcus after fourteen days’ 
incubation 


+ 


+ 

7 

Medical 

No hexam by mouth Lumbar punc 
ture 

Hexam 1 gr added to 3 c c and 


— 

j 

— 



tested after standing forty eight 
hours 


+ 


_ 



Crystals of NiuHPOi added to 3 c c 







with hexam 1 gr and tested after 
twenty four hours 


+ 

\ 


8 

Hydrocephalus 

Hexam 40 gr , q d , for three days 





in child 

Lumbar puncture 


+ 

— 

— 



Ventricular puncture 


+ 

— 


9 

Hydrocephalus 

Above after standing three days 

Hexam 5 gr , t i d , p c , for two 
weeks Lumbar puncture 


+ 

— 





+ 

— 

1 

10 

Hj drocephalus 

Ventricular puncture 

Hexam 5 gr , t i d Ventricular 


+ 

— 

i 


in child 

puncture 

8 cc made strongly acid with H 2 S 04 


— 

i 

— 

11 


after twenty four hours 







^leningitis 

Hexam 40 gr, in day, 75 gr after 







midnight Lumbar puncture at 10 







a m 


JL 







5 c c inoculated with If pyo aur 







incubated five days 


+ 

' i 



In this Tnd ths foIloiMng tablBS, — positive, — , negative 
T 1 60,000 1 1 20 000 
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in Table 1 Hexametliylenamin was present in all of the ceiebrospinal 
fluids with the one exception In Case 10 the fluid obtained bv lumbar 
puncture was negative to Hehnei’s test, and the addition of sulphuiic 
acid failed to lendei the test positive for foimaldehyd In none of these 
fluids in i\hich hexametliylenamin was present following the administia- 
tion of the drug by mouth was fiee formaldehyd found Aftei inocula- 
tion of these fluids containing hexamethylenamin with the meningo- 
coccus, M pyogenes aureus oi B coh, foimaldehyd was not liberated in 
amounts sufficient to give the Eimmi test (1 60,000), although aftei 
seveial days’ incubation they weie all positive to the delicate amidol or 
phloroglucm tests for foimaldehyd The addition of acid sodium phos- 
phate to the fluid in one case (Case 3) in which the patient had received 
enormous doses of hexametliylenamin, 20 grains every two hours, caused 
after twenty-four hours the liberation of formaldehyd in about 1 60,000 
dilution Hexamethylenamin added directly to these fresh fluids was not 


TABLE 2 — ExAMINATIO^^ of PuRULrNT Discharges in Otitis IMedia 


! 

Case 

Matenal and Treatment 

Helmer 

Tests 

Rimini 

Amidol 01 
Phloroglucm 

1 ! 

Hexam , gi 5, q 2 h , added doses 6 Dischaigc 





obtained by syringing out the ear with small 




1 

amount of stoiile uatei 

— ; 

1 

— 

2 

As above 

— 

1 

1 

3 

As above 


j 

( 

4 

As above 

— 

: f- 

j 

5 

As aboie 

— 

1 -( ') 
i 

1 

t 


decomposed, and the subsequent inoculation of these concentrated solu- 
tions in no case caused a liberation of formaldehyd in a greater amount 
than 1 60,000 

Pwulent Discliaige %n OtiUs Media — The material was obtained in 
cases of acute otitis media by syringing out the ear with as small an 
amount of sterile water as possible With the exception of one case, 
which gave a positive Hehnei’s test for hexamethylenamin, all failed to 
show either hexamethylenamin oi foimaldehyd The findings are not 
accurate, inasmuch as the discharges were necessarily diluted before 
being tested, but the failure to find even minute quantities of either drug 
aie significant The findings aie grouped in Table 2 

Pus of Empyema — Two patients with empyema ivere given hexa- 
methylenamin for a few days, and at operation the pus was obtained and 
examined as is shown in Table 3 All tests were unifoimly negative, 
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shoAviBg the absence of both hexamethylenamm and formaldehyde but 
the pus was strongly acid in reaction, and when hexamethylenamm was 
added to it vn viti o it was quickly decomposed into f ormaldehyd 

Pelvic Aiscess and Pus-Tube — One patient was given hexamethylen- 
amin, 20 grains, after each meal for two days before an operation foi 
pus-tubes and a pelvic abscess The pus obtained at operation was 
examined with negative results for all tests The reaetion of the pus was 
strongly acid, 9 7 e o tenth-normal sodium hydroxid to 10 c c , and when 
examined four hours aftei the addition of 5 grains of hexamethylenamm 
to 40 cc of it foimaldehyd was present m the propoition of 1 10,000 
Blood-Serum — Venous puncture was done in six cases in rvliich the 
patients were being given a routine dosage of 15 grams of hexamethylen- 


TABLE 3 — EXA3IINATION of Pus of EiiPYUiiA 




! 

Test 

Case 

1 Material and Treatment 

Reaction 

Hehner 

! 

Rimini 

Amidol 01 
Phloroglucin 

1 ' 

He\am , 10 gr , t i d , p c 

13 6 c c Tenth - nor- 

1 

! 


1 

Operation after two days 

mal sodium liydrox 





and GOO c c of pus obtained 
AA'bicli slioAAed a pure cul 
ture of pneumococcus 

Hexam added to 200 c c of 

id to 10 c c 


— 

i 


above examined after tiventy 
four hours 


4- 


1 

1 + 


{ Culture made from this on the 





seventh day Avas negative) 
after seven days 

Aftei 7 days 

1 

1 

1 

i 

2 

Hexam , 15 gi , t i d , p c 


1 ' ' 



Operation three days, 300 
cc pus obtained 

1 6 c c ' 

- 

! 

1 


' 1 10 000 T 1 7,000 


aniiii after each meal, and the serum after separation was tested with 
negative results in all cases for formaldeh 3 '’d, but positive in all for 
iiexamethj lenamin The addition of acid sodium phosphate to these 
serums in no case caused a liberation of formaldehyd m suflBcient amount 
to give a 1 60,000 test, although the moie delicate formaldehyd tests 
Avere uniformly present after this treatment 

Sweat Two patients receiving hexamethylenamm, 15 grains, after 
each meal, were placed in a sweat-cabinet, their perspiration collected^® 
and examined Avith positive results m both cases for hexamethylenamm 
Tlie Eimini test was negatiAe in both Unfortunately, the more delicate 


25 Tlirough tlie kindness of Dr Harry Plaggemeyer 
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pliloiogluem test was not tried m these cases Sweat is slightly acid in 
reaction, and possibly the small amount of hexamethylenamin present 
had been converted into foimaldehyd, which would also give the delieate 
Hehner’s test It was not, however, present in anything like an antiseptic 
strength 

Saliva — The saliva was collected from five patients receiving a 
routine dosage of 15 giains after each meal A positive Hehner’s test 
was obtained in all but one case, but the other tests were all uniformly 
negative 

Bile — ^Hexamethylenamin when taken by mouth is excreted in the 
bile Free formaldehyd, howevei, is not found After the addition of 
hexamethylenamin to steiile bile in vitro even in the proportion of 
1 100, it IS not decomposed so long as the bile is kept sterile Infection 
of these concentiation bile solutions causes a liberation of foimaldehvd, 
but in the two cases tested not more than 1 60,000 was found There 
has been no opportunity to examine the contents of the gall-bladder in 
cases of infection after feeding hexamethylenamin It is possible that in 
cholecystitis or empyema of the gall-bladder its contents may have a 
sufficient acidity readily to convert the hexamethylenamin excreted 
into it 

Hexamethylenamin in Standaid Bioth — In order further to test the 
influence of infection on the reaction of fluids and on the subsequent 
liberation of formaldehyd, known dilutions of hexamethylenamin were 
made up in standard broth, inoculated with various organisms and tested 
after ceitain periods for changes in reaction and for free formaldehyd 
The findings are given in Table 4 The changes in reaction are slight in 
all cases, so much so that m no case was more than 1 . 60,000 formalde- 
hyd found after the growth of an organism in a 1 1,000 hexamethylen- 
amin solution for as long as five days, and the growth of the organism 
was in no ease inhibited 

SUmiAET OF EXAMINATION OF NORMAL AND PATHOLOGIC FLUIDS 

The amount of decomposition of hexamethylenamin into formalde- 
hyd IS so clearly dependent on acidity and concentration that the problem 
resolves itself into a determination of these factois Hone of these fluids 
are normally acid, and whatever tendency there is for them to become 
acid IS being continually counteracted by the alkaline circulation On 
the other hand, the amount of hexamethylenamin present in 'these fluids 
has been found to be relatively small, which is no doubt due to the fact 
that it IS rapidly eliminated by the kidneys and is not given an oppor- 
tunity to accumulate Formaldehyd, if it is liberated within the body, is 



TABLE 4 — iLsis oi Hi,\AAiLiiiitLi\^vjUN IN Standard Bkoiii 
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an iriitant, and as such is not tolerated by the organism Magnire^° found 
that intravenous in]ection of formaldehyd into animals produced gastric 
irritation with ulcer formation, hematuria and hemoglobmuria and death 
Several of my patients weie fed liquor formaldehydi (m dilution of 
1 3,000, 6 ounces every three hours), and afterward their blood and mine 
were repeatedly found to be negative to all tests for both hexamethyl- 
enanun and formaldehyd, showing that the body can in some way burn up 
these small amounts The fate of the formaldehyd which gets into the 
circulation is uncertain There is experimental evidence to suggest that 
when not excreted by the kidneys it is neutralized into a harmless polymer 
and possibly hydrolyzed in the liver into one of the sugars The condi- 
tions, therefore, for the decomposition of hexamethylenamin in antiseptic 
amounts are seldom, if ever, realized in these alkaline body-fluids 

Trom these facts and from the uniform negative findings on direct 
examination it is evident that hexamethylenamin can be of no value in 
the alkaline or neutral fluids of the body, such as found on the serous 
surfaces in general This will be true even when enormous doses of the 
drug aie administered, which is shown by no conversion occurring in 
these fluids when large amounts of the drug are added directly to them 
Hexamethylenamin, therefore, can be of no prophylactic beneflt in any 
of the bod 5 ^-fluids except those that are normally acid, and the only three 
fluids of this character are the urine, sweat and gastric 3 nice 

The question of the influence of infection on these alkaline fluids 
relative to the liberation of formaldehyd is more difficult to answer The 
examinations for formaldehyd of the pathologic fluids of patients given 
hexamethylenamin by mouth weie all uniformly negative After the 
subsequent addition of hexamethylenamin to these fluids, with the excep- 
tion of localized accumulations of pus, no decomposition of this into 
formaldehyd was found In local accumulations of pus, as in empyema 
or abscesses, this may have a pronounced acidity, and the addition of 
hexamethylenamin even in amounts of 1 10 , 000 , to this pus quickly 
liberates formaldehyd In vivo, however, these pus-pockets are appar- 
ently so well walled ofl that very little of the hexamethylenamin in the 
blood finds its way into them If hexamethylenamin did enter in at 
these local areas, the formaldehyd formed there would naturally have as 
ready access to the circulation and would be carried off as fast as formed, 
so that no accumulation for antiseptic purposes would occur The gall- 
bladder, in those infections in which its contents become acid, may be a 
possible exception 

The subsequent moculation with organisms of fluids obtained fiom 
patients taking hexamethylenamin by mouth, even on seven days^ incu- 

26 Maguire Med News, 1903, Ivxxiii, 393 
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bation, in no case liberated formaldebyd in antiseptic amounts, althougli 
the more delicate tests of those showing formaldehyd up to 1 10,000,000 
were sometimes obtained And after the addition of as much as 1 1,000 
hexamethylenamin to these fluids and then their inoculation, formal- 
dehyd was liberated only after several days in 1 60,000 amounts The 
inoculation of broth solutions of hexamethylenamin in no case showed 
greater conversion than 1 60,000, and then only after seventy-two hours 
Infection of these fluids in vitio, therefore, even under the most favor- 
able circumstances, that is, when hexamethylenamin has been added in 
as high a dilution as 1 1,000, a concentration that would never obtain 
m vivo, does not produce sufficient change in reaction to form formal- 
dehyd in antiseptic strength Furthermore, those fluids containing 
hexamethylenamin after its ingestion by mouth, when made strongly 
acid with acid sodium phosphate or sulphuric acid, did not contain 
hexamethylenamm in amounts to liberate more than 1 60,000 formal- 
dehyd, showing that hexamethylenamin was not present in sufficient 
concentration to furnish antisepsis even should all present be decomposed 

It IS reasonable to assume, therefore, that infection in the body does 
not change the reaction of the body-fluids into which hexamethylenamin 
IS secreted sufficiently to cause its conversion in antiseptic amounts In 
case of localized accumulations of pus of marked acidity, hexamethylen- 
amin does not gain access in amounts to be of value, and m the case of 
othei infection in communication with the circulation, the small amount 
of formaldehyd formed is quickly taken up and metabolized or excreted 
by the kidneys 

CONCLUSIONS 

Hexamethylenamin is dependent on the liberation of formaldehyd 
for its antiseptic value 

Hexamethylenamin is not converted into formaldehyd in any of the 
normal alkaline fluids of the body , therefore, it can be of no prophylactic 
value in any of these fluids 

After some mfections of these fluids there may be xmder certain 
conditions a change m reaction sufficient to produce slight liberation of 
formaldehyd, but it was not possible to show that there would he enough 
to give antisepsis 

In localized infections of pronounced acidity, hexamethylenamin is 
not taken into them from the circulation in amounts to furnish formal- 
dehyd in antiseptic strength (the gall-bladder, possibly, excepted) 

The therapeutic use of hexamethylenamin as an internal antiseptic 
IS justified, experimentally, for urinary conditions alone, and then only 
when it IB excreted into an acid urine 



HEXAMETHYLENAMIN 
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Hexamethylenamm is widely used as an antiseptic to prevent and to 
combat various infections of the serous cavities and blood as well as those 
of the urinary tract, the wide range of application being due to the 
striking effects obtained in some cases of cystitis and allied conditions, 
as well as to the great penetrability of the diug, which after ingestion 
can be found m every fluid of the body ^ These facts, as well as the 
possible liberation of fiee formaldehyd, to which the efficiency of the 
drug IS usually ascribed, would seem to make it an ideal drug in infec- 
tions, and great claims have been made for its efficacy But the question 
arises Is formaldehyd liberated, and if so, is it in sufficient amount to 
have an antiseptic action^ 

Hexamethylenamin is readily decomposed into formaldehyd and 
ammonia in acid solutions, less readily in neutral or slightly alkalme 
solutions, and not at all in a stronger alkaline medium When injected 
intravenously it produces a temporary increase in the rate and depth of 
respiration which would indicate an ammonium action and a consequent 
formaldehyd liberation In addition, formaldehyd is always found in 
acid urines after administration of the drug These results might mean 
a liberation of formaldehyd in all parts of the body, but Hanzlik and 
Collins^ and others have failed to find such a liberation in any of the 
body fluids except the gastric juice and urine There is a possibility, 
however, that it is liberated and yet not detected, since one of us 
(McGuigan) has shown that small amounts of formaldehyd are oxidized 
m the blood so rapidly that it quickly escapes detection by the ordinary 
means, even that introduced into the stomach or liberated from hexa- 
methylenamin by the gastric juice and subsequently absorbed To meek 
this objection a new method is offered for the detection of free formal- 
dehyd in the blood This consists in dialyzing the normal circulating" 
blood in animals through collodion tubes interposed between the carotid 

* From the Laboratory of Pharmacology of the Northwestern University 
Medical School 

* Submitted for publication Dec 29, 1913 

1 McGuigan, Hugh Jour Biol Chem, 1912, xi, 33, proceedings 

2 Hanzlik, Paul J , and Collins, R J Hexamethylenamin The Liberation 
of Formaldehyd and the Antiseptic Efficiency Under Different Chemical and Bio- 
logical Conditions, The Archives Int Med, 1913, xii, 578 This gives a com- 
plete review of the literature 
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artery and the external jugular vein ® The tubes are immersed in water 
or saline solution and the living blood is dialyzed during the action of 
the drug If any formaldehyd is formed, part of it will rapidly pass 
into the dialysate, where it can be identified by the usual tests The 
results show uniformly that hexamethylenamin is found in the dialysate 
in a few minutes after the injection, while free formaldehyd is not 
detected even after several hours of dialysis The following protocol will 
illustrate 

Male dog Ten kg Ether anesthesia 

1 Collodion dialyzing tubes attached to the carotid artery and external 
jugular vein 

1 20 Dialysis commenced Tests of the dialysate for hexamethylenamin and 
formaldehyd negative 100 e c of 3 per cent hexamethylenamin in 
0 9 sodium eWorld slowly injected into the femoral vein in the next 
ten minutes 

1 40 Dialysate tests Hexamethylenamin positive, formaldehyd negative 

2 Dialysate tests Hexamethylenamin positive, formaldehyd negative 

4 10 Dialysate tests Hexamethylenamin positive, formaldehyd negative 

Urine strongly positive to free formaldehyd tests 

4 30 During the next ten minutes 40 c c 0 5 per cent formaldehyd injected 
slowly into the femoral vein 

4 40 Dialysate test shows free formaldehyd 

In control experunents the mjection of formaldehyd only always gave 
free formaldehyd in the dialysate Some hexamethjdenamin is also 
formed The Jorrisen and Simini tests were used for free formaldehyd, 
and Hehner’s test for the combined form 

It IS evident that formaldehyd is not liberated in amounts suflBcient 
for detection with the phloroglucin or phenylhydrazin tests Since these 
reagents inU detect amounts far less than enough to have any antiseptic 
action, hexamethylenamin antisepsis, if any, cannot be due to decompo- 
sition products But even though formaldehyd were liberated in minute 
amounts it would not have the reputed hexamethylenamin efiect, smce 
after injection small amounts of free formaldehyd are so rapidly oxidized 
that antiseptic action is improbable, while in larger amounts it is 
decidedly injurious 

Hexamethylenamin itself has no antiseptic action on yeast or bac- 
teria outside of the body, but the possibility still remains that the mere 
entrance and exit of the drug may have a beneficial action when taken 
internally 


3 Ahel, John J , RovTitree, Leonard G, and Turner, B B Bemoval of Dif 
fusible Substances from the Circulating Blood of Living Animals by Dialysis, 
Jour Pharmacol and Exper Therap , 1914, v, 275 This gives Abel’s method 
without a coagulant We were unaware of the priority of Abel in this field when 
tJie work was done 
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SUMMARY 

Since, after the administration of hexamethylenamin, fiee formalde- 
liyd appears only in the gastric 3uice and acid urine, and not in other 
secietions or m the blood, even with diatyzmg tests, the liberation results 
from the acid reaction only and not from cell action Even if it were 
libeiated m other locations it would probably exert no beneficial action 
because of its reconversion or rapid oxidation into m^urious produets. 
Combmed formaldehyd as hexamethylenamm, does not decompose readily 
imtil an acid medium is reached, when the action is that of weak for- 
maldehyd The only apparent indication for the internal administration 
of the drug, therefore, is in mfections of the urinary tract 
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The body is provided "with three obvious lines of defense against 
infection, namely, its peripheral epithelium, its blood and lymph, and 
its tissue cells The activity of modern investigators has been engrossed 
almost wholly with study of the last two , the first has received very little 
attention Yet it is indisputable that the epithelial covering of the 
body must have intrmsic resources of protection against adverse influ- 
ences which are in such habitual action that its relations should be 
considered truly physiological, rather than pathological, as its response 
to adventitious agencies would be In short, a study of the pathologic 
physiology of the peripheral epithelium must conceive of it primarily 
as a mechanism for the 'prevention of disease rather than, as in the case 
of the body-fluids and tissues, an establishment for producmg the means 
of cure While the protoplasm of the surface cells must be endowed 
with a degree of autonomy involving capacity for mdependent response 
to iriitation, which possibly includes the production of specific anti- 
bodies, its striking peculiarity is its abundant supply of sensory nerves, 
largely endowed with “specific energy,” through which every external 
stimulus IS made to provoke an immediate and universal internal 
response 

The incitement to the investigation the report of which follows was 
a desire to develop the existence of some immunological relations between 
the peripheral and the central mechanisms If a pnon conceptions are 
given undue prominence at the outset, a measure of defense may be 
found in the wise dictum of Eichet,^ that in biologic research the guiding 
thread must always start from the teleologic point of view 

Modern therapeutics ofiers abundant illustration of the beneficent 
mfluence of physical agencies acting externally The criterion for the 
usefulness of cold water in the treatment of typhoid fever is the ^^physio- 
logical response” which its application may provoke As Chantemesse 
pomts out, the hydriatric stimulus probably does not excite the forma- 
tion of specific antibodies against the invading noxa, but it seems prob- 
able that the capacity for the formation of antibodies is enhanced indi- 

* Submitted for publication Dec 17, 1913 
1 Richet, Charles Ann de I’lnst Pasteur, 1907, xxi, 497 
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rectly, through reflex excitement of the various motor and metabolic 
mechanisms Similarly, the benefits of the open-air treatment in tuber- 
culosis are in some way due to physiological response to external agents, 
which, as m another place I have attempted to show, exert their influ- 
ence largely through the temperature nerves of the skin There is good 
reason to believe that at least the vital capacity for the formation of 
antibodies is largely under the control of external stimuli which make 
up the environment of what is known as the ^Tiygienic life ” The fact 
that tuberculosis finds least resistance to its development in the tissues 
of those who, like the American Indians, from a habitual open-air life 
are suddenly forced to conform to the restraints of civilization, argues 
that hygienic living produces no specific antibodies against this disease 
But there is abundant clinical evidence that a great variety of 
antigens can produce specific anaphylactic systemic response when 
applied to the peripheral epithelium The assumption that such anti- 
gens must he absorbed into the circulation before becoming efiective, 
while probably correct in general, is unwarranted without direct evidence 
The urticarias and other anaphylactic phenomena following the inges- 
tion of certain articles of food by some people, and, especially, the 
asthmatic paroxysms induced by the inhalation of certain odors, belong 
to one of the most interesting divisions of clinical pathology Indeed, 
it was an incident related to me by V C Vaughan, Jr, of Detroit, 
which gave the final impulse to the present investigation 

Vaughan’s account is as follows The patient was a man, aged 36, 
who was suffering from moderately advanced tuberculous disease of 
the lungs complicated by recurrent hemoptyses Drom March 11 to 
13, inclusive, the patient received three in 3 ections of fresh, normal 
rabbit’s serum of 01 cc, 9 cc and 10 c c April 7, twenty-seven 
days after the first injection, a rabbit was brought into the patient’s 
room, was handled by him and allowed to run about the bed Between 
three and five hours after this event the patient suffered an asthma- 
like attack — the first which he had ever experienced 

As indicated at the outset, my conception in the main has been 
that phenomena which are essentially anaphylactic form a conspicuous 
feature of normal sensory activity The mysterious ability of the hound 
to follow a definite trail unconfused by a multitude of other footsteps 
IS cleared up at once if we assume that the dog’s olfactory appaiatus 
is sensitized to the odor which he follows One is tempted to suggest 
that even the phenomena of complementary color sensation, as mani- 
fested in the '^after-images, ” aie but the psychic signs of specific anti- 
bodies formed in the retina f 

The experiments to be described were performed on guinea-pigs 
Sensitization was achieved by subcutaneous injection of normal horse- 
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serum obtained from a commercial source The sensitizing dose usually 
varied from 0 25 to 0 5 c c The toxic injection was invariably given 
through the jugular vein Many intracranial operations weie perfoimed, 
including cutting the olfactory neires or ablation of the olfactory lobes 
alone or with a certain hulk of the anterior cerebrum Anatomrcally 
the guinea-prg rs excellently adapted for such work As rs well known, 
the anatomrcal relatrons of the sense-organ for smell are almost unrque = 
It IS constructed peripherally of nerve-cells inclosed uithin the olfactory 
mucous membrane Piocesses directed distally from the nerve-cells 
project freely like bristles from the free surface of the membrane, while 
from the opposite poles “teledendions” find then way into the cranial 
cavity to embrace the ner\ e-cells of the olfactoiy lobes 

This reseaich would have been quite impossible but for the devoted 
aid given by my colleague. Dr Cuthbert Powell, who has freely lent 
his surgical skil l to the performance of the many scores of surgical 
operations involved in the investigation 

guinea-pigs sensitized to horse-seeum may be desensitized 

BY SOJOURN IN A HORSE STABLE 

The first effort made was to elicit some sign of anaphylaxis in the 
peripheral epithelium of a serum-sensitized animal A guinea-pig, which 
had received a subcutaneous injection of horse-serum thirty-eight days 
before, was held gently on its back and horse-serum in droplets was 
allowed to fall into each nostril I expected to witness some sign of 
specific irritation The result, however, was wholly negative The 
animal a few hours later received an intravenous injection of 0 5 c c 
of horse-serum and died in about three minutes with characteristic 
symptoms Another sensitized pig was made to inhale finely vaporized 
serum, m the manner to be described later, but, as in the first case, the 
results were negative These observations were repeated on numerous 
occasions with different animals and the results all pointed to the con- 
clusion that gmnea^pigs sensitized by subcutaneous injections of hoise- 
serum manifest no particular irritation when the same serum is instilled 
into the nose or given by inhalation 

It then occurred to me that possibly the aroma of the animal pro- 
ducing the sensitizing antigen might develop some characteristic reac- 
tion Accordingly, four guinea-pigs were placed in a box covered with 
wire netting Two of the animals were normal and two, forty days 
previously, had each received subcutaneously from 0 6 to 0 75 c c of 
seium The box was carried, July 7, to a livery stable in which a 
score or more of horses were maintained The air of the stable at this 
time was p owerfully impregnated with a characteristic odor and there 

2 Troland Am Jour Physiol , 1913, xxxii, 19 
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was a particulaily pungent quality to the smell Later m the season, 
as coolei weathei advanced, the intensity of the odor diminished and its 
pungent quality disappeared There was, as will he seen directly a 
coincident change in the biological leactions The box had been in 
the stable possibly five minutes when marked nervous disturbances were 
manifested by the two sensitized animals One of them, a female 
weighing 480 gm, showed marked excitement, dashing about the box 
and biting at her companions, then scratching the nose vigorously 
These symptoms subsided in about half an houi The other sensitized 
pig, weight 195 gm , lay prone or squatted on the floor of the box and 
emitted plamtive sounds The animals were kept in the stable overnight 
and appeared wholly normal when removed next morning The control 
animals showed no particular disturbance 

Some drops of serum weie instilled into the nostrils of the smaller 
sensitized pig and provoked within a few moments somewhat the same 
reactions as the animal liad manifested in the stable This experiment 
was, undei these conditions, unfortunately not repeated More than 
twenty-four hours after its intioduction into the stable and about eight 
hours aftei its removal therefrom, the laiger sensitized pig was given 
by the vein nearly 1 c c of horse-serum There was no maiJced reacUon, 
soon after its release from the holder the animal fed as usual Twenty- 
five days later this pig received another intravenous injection of serum 
and died within four minutes The smallei of the two sensitized pigs 
received its toxic dose some twenty-eight hours after removal from the 
stable Owing to difficulties m manipulation a great excess of serum 
was injected into the vein, probably more than 1 c c The animal did 
not suffer the usual shock, but died from respiratory failuie m about 
half an hour , ' its lungs were almost completely collapsed when the 
chest was opened 

In the light of later observations I am inclmed to think that this 
animal’s death was a sign of the passing of the phase of antianaphylaxis 
induced by inhalation of stable-air combined with the excessive magni- 
tude of the toxic injection No effort was spared, of course, in seeking 
a solution of the results obtained in these preliminary experiments 
Of fundamental importance appeared to be the question whether the 
desensitizing agent in the an of the stable affected the body indirectly 
through action on the olfactory mucous membrane oi was absorbed 
diiectly through the respiratory tract To resolve this question, groups 
of pigs, sensitized or normal, were operated on for section of the 
olfactory nerves Under ether, a small hole was trephined just posterior 
to the cribriform plate, the nerves were cut with a fine bistoury and 
their stumps wiped out with a small pledget of cotton held in forceps 
The animal manifests little or no disturbance after such an opeiation 
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In other animals not only the olfactory nerves were removed but the 
olfactory lobes as well But, for reasons that will he detailed later, this 
more extensive operation was necessarily performed only on normal, 
non-sensitized animals The experimental data are condensed in the 
following protocols 

Expeeiment 1 — Four sensitized guinea-pigs, two with intact olfactories, 
exposed to stable August 18 

Pig 1, male, 480 gm , olfactory nerves excised July 12, sensitized with serum 
July 16 No leaction in stable 

Pig 2, male, 645 gm , sensitized July 16 , olfactory nerves excised August 15 
Eestlessness after twenty minutes in stable 

Pig 3, male, 675 gm , unoperated, sensitized July 16 Much erotic excitement 
after fifteen minutes in stable 

Pig 4, male, 750 gm , unoperated, sensitized July 16 No reaction except 
slight uneasiness after forty minutes in the stable 

After remaining all night in the stable each animal received. 
August 19, an intravenous in 3 ection of more than 0 5 c c of fresh 
serum Every pig died in characteristic shock except Pig 3, which 
responded to the injection with violent struggles, some respiratory 
rales, deepened respiration and rubbing of the nose when released 
Aftei this moderate shock the pig completely recovered 

One cannot fail to connect the excitement of this pig when exposed 
to the stable air, attempting to copulate with his male companion, etc , 
with the desensitization certified by the development of antianaphylaxis 
This animal was reexposed in the stable thirty-three days later, when he 
showed but slight excitement, and the following day he succumbed to 
intravenous injection 

Expebement 2 — ^Two pigs received subcutaneous serum July 16 Exposed in 
stable August 20' 

Pig 1, male, 525 gm Olfactories intact Within five minutes after entering 
stable IS erotic and continues restless, scratches nose, etc , for an hour 

Pig 2, male, 540 gm Olfactory nerves had been cut July 12, and a serum 
inhalation given August 16 In the stable is restless, slightly dyspneic and 
scratches chin during an hour 

August 31, intravenous injection of serum, more than 0 5 c c , was 
given to each Pig 1 had two slight spasms, sneezed twice and then 
recovered Pig 3 showed very little reaction Besult, antianaphylaxis 
in both animals 

The recovery of the second animal would appear to show that the 
olfactory apparatus was not concerned in the desensitization, but on 
August 33, its brain was exposed for the purpose of excising the olfactory 
lobes, it was then found that the olfactory nerves appeared to have 
regenerated in the interval of thirty-nine days elapsing between the 
neive section and the stable exposure 
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ExpiajiMENT 3 — ^Two pigs sensitized July 16 Both had been in the same box 
•with the animals used in a former experiment They -were placed again in the 
stable for forty minutes, August 22 Twenty hours later they received the toxic 
injection 

Pig 1, male, 660 gm Somewhat erotic and restless in stable 

Pig 2, male, 360 gm Olfactory nerves cut July 12 Restless* and rubs nose 
in stable 

Both died from the toxic m]ectioii, which, it will be noted, was 
given twenty hours after leaving the stable, whereas the nsnal interval 
was two or three honrs Necropsy on Pig 2 indicated partial regen- 
eration of the olfactory nerves 

Experiment 4 — ^Two pigs sensitized July 16 Placed in stable for five hours, 
August 25 

Pig 1, 425 gm , a comparatively feeble ammal Restless, rubs nose and 
scratches in the stable 

Pig 2, 790 gm , olfactory nerves were cut, August 24 Less excitement shown 
m the stable than in the case of Pig 1 

Intravenous in 3 eetions of more than 0 5 c c of serum were given 
withm an hour of removal from the stable Pig 2 died promptly from 
shock Pig 1 showed no reaction except for temporary muscular weak- 
ness becoming apparent in an hour This animal was undoubtedly 
antianaphylactic but was found dying the next morning after exposure 
to the cold of the previous night It was frequently noted that guinea- 
pigs recovering from the strain of anaphylactic shock are exceedingly 
non-resistant to external cold Their temperature regulation is appar- 
ently profoundly disturbed ® 

It IS unnecessary to go further into detail along tins line of evidence 
Bufiace it to say that a large proportion of guinea-pigs sensitized sub- 
eutaneously to horse-serum were desensitized by exposure to the air of 
the horse-stable There was a very obvious relation between the pun- 
gency of the stable-odor and the latent period of anaphylactic disturbance 
"V^Tien the smell was most intense the nervous symptoms of anaphylaxis 
came on almost immediately In Denver the nights became strikingly 
cool in August so that the more intense stable-odor only endured for 
two or three weeks in July and the time required to sensitize guinea- 
pigs did not allow of prolonged investigation under conditions most 
favorable to olfactory stimulation 

As the mean temperatuie of the air fell and the stable odor became 
less intense the latent period of anaphylactic disturbance increased 
from a very few minutes to a quarter of an hour, then to longer periods 
and finally the onset of disturbance could not be distinguished Never- 
theless sensitized pigs kept in the stable foi a day or more sometimes 

3 Doerr In Kolle and Wassermann’s Handbuch des patbogenen Mikroor- 
ganismen, 1913, ii, Part 2 p 1070 
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proved to be antianaphylactic to intraveBOUs injection even when they 
had manifested no striking symptoms marking desensitization 

All the earlier ohseivations pointed to the conclusion that only pigs 
possessing intact olfactory mechanisms weie subject to desensitization 
through the stable air Obviously a single positive result demonstrating 
antianaphylaxis in the case of a smell-free guinea-pig would show that 
the noxa producing desensitization could afiect the body through chan- 
nels other than the olfactory Such a demonstration was afforded by 
observations on four animals kept in the stable for three days during 
the first week in October Each had suffered either recent section of 
its olfactory nerves or loss of both olfactory nerves and lobes many 
weeks previously Submitted to the test of intravenous inoculation, 
one of the pigs whose olfactory lobes had been excised thirty-nine days 
before and which had 'been sensitized by subcutaneous seium thirty-six 
dajs before, recovered from the toxic injection after slight symptoms of 
shock 

This section of my work may be biiefiy summarized by stating that 
fourteen sensitized guinea-pigs with intact olfactory sense were exposed 
to the stable air Of these, five became completely antianaphylactic 
to the intravenous toxic injection and two succumbed only after evidence 
of great resistance to the toxic dose The fourteen pigs included two 
that had been previously made antianaphylactic as witnessed by recovery 
from an intravenous injection, both died from the second intravenous 
dose The fourteen pigs also included two in which the olfactory nerves 
had been cut long before but which seemed to have regenerated 

Ten sensitized pigs were exposed in the stable after recent section 
of their olfactory nerves or long-standing ablation of the olfactory lobes 
None of these had manifested any marked symptoms of anaphjdactic 
disturbance in the stable Only one of this group survived the toxic 
intravenous injection 

Daily contact with such phenomena as have been described is bound 
to give rise to certain more or less defensible impressions which have 
not been submitted to definite proof Of this nature are the notions 
that the desensitizing agent in the stable-air operates on the body in 
two ways (1) acutely, as an odor irritating the olfactory nerves with 
the production of anaphylactic symptoms, (2) more slowly, by absorp- 
tion through the respiratory tract, without the production of striking 
anaphylactic symptoms The important question as to whether anti- 
anaphylaxis can be produced by the mere odorous stimulation of the 
olfactory epithelium has not been settled, although the facts seem to 
point in that direction The phase of antianaphylaxis in these experi- 
ments, as found in other fields, comes on very soon after exposure to 
the exciting cause Also, several experiments pointed to the conclusion 
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that the antianaphylactic period is very short — that it is rapidly vanish- 
ing within twent}^-fonr hours aftei removal from the desensitizing 
eninronment 

The theor}*- havmg been proved that fully developed sensitization 
could be temporarily undone by exposure of animals to stable air, the 
conclusion seemed obvious that sensitization should be altogether pre- 
vented in pigs kept in the stable during the latent period of sensitization 
The result of an appropriate experiment proved, however, directly the 
contrarj^, as follows 

Experuient 4 — ^Fi\e guinea-pigs, ■neighing about 350 gm each, •were placed 
in the stable October 24, about t-wenty hours after recemng subcutaneous injec 
tions of serum, -with the exception of one animal which had received an injec- 
tion ten days before This last pig was taken from the stable October 29, that is, 
fifteen days after its sensitizing injection and at the end of five days’ residence 
in the stable An intravenous injection given at this time was fatal within four 
minutes The lemaining four pigs iveie taken from the stable November 17, aftei 
exposure of fourteen days, and each succumbed to an intravenous injection within 
about three minutes Necropsv was performed on these, as in all other fatal 
cases, and the lungs were found in characteristic anaphylactic distention Guinea- 
pigs of this group manifested a somewhat striking difference in behavior from all 
other animals exposed in the stable They never recovered from the timidity 
associated with the change of environment, nor did they acquire a normal appe- 
tite for food The results of the experiment indicate that, at least in cool 
weather, the processes leading to sensitization go on in the environment which 
may effect desensitization of a fully sensitized animal 

SENSITIZATION TO HOBSE-SEBUM IS NOT CAUSED BY EXPOSUBE 

TO STABLE AIE 

As to the nature of the agent producing the desensitizing effects, 
I have no definite evidence When the box containing the guinea-pigs 
was held directly under the nose of a horse, or when the manure- 
impregnated straw of the stable was placed within it no particular 
reaction was observed An effort was made, of course, to sensitize the 
guinea-pigs to horse-serum by the same influence which caused their 
desensitization 

The two normal pigs which had been used as con-trols and exposed 
to stable air, July 7, each received an intravenous infection of 0 5 c c 
of horse-serum sixty-three days later There was nothmg like shock 
to be discerned, though one of the animals rubbed its nose vigorously 
ten mmutes after its release, the other seemed sleepy and both preened 
the body as if stimulated by itching 

Tour normal male pigs, weighing about 390 gm each, were placed 
in the stable, September 9 One of them was removed after twenty-four 
hours and within an hour thereafter received an intravenous m^ection 
There was no reaction except that the animal remamed rather unusually 
quiet For fourteen days the remainmg pigs were kept in the stable^ 
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two of them being taken out for some hours each day One of these 
and the third pig — which had been continuously in the stable — were 
given intravenous innections within about an hour after removal^ with 
completely negative results The evidence shows that while the possi- 
bility of minor degrees of sensitization to toxic injections of serum 
cannot be denied, nothing like the sensibility leading to fatal shock 
is induced * The slighter degrees of anaphylactic reaction are somewhat 
unceitain in significance since the normal pig is prone to manifest the 
same actions, such as nose-ruhhing and preening the body. 

ANAPHYLAOTIO SHOOK AND DESENSITIZATION CAUSED BY OPERATIONS 
ON THE BRAIN OF THE SENSITIZED GUINEA-PIG 

Accoiding to the well-known views of Besredka,'^ sensitization in the 
gumea-pig is primarily or wholly a propeity of the brain This author 
holds the view that during the process of sensitization the body tissues 
form a substance une sensibtlistne, which fixes itself to the brain-cells 
Intracerebral injection of a large dose of serum (0 25 ec) produces 
rapid desensitization with great shock or death With small intra- 
cerebral injections (0 0025 c c to 0 025 c c ) , desensitization of the 
cerebrum comes gradually and the animal becomes antianaphylactic 
The animal is resensitized by a new injection made within this period 
He holds that the condition of antianaphylaxis is a return to the normal 
state Guinea-pigs may be desensitized by intracerebral injections but 
cannot be sensitized thereby, that is, the brain-cells cannot prepare the 
sensitizing substance In an animal thoroughly narcotized by ether, 
the intracerebral injection of serum produces no shock but still induces 
antianaphylaxis 

Tliat brain sensitization cannot altogether account for the phenomena 
of anaphylactic shock was sufficiently demonstrated by Auer and Lewis,® 
who found that sensitized guinea-pigs were killed by intravenous injec- 
tion and showed characteristic distention of the lungs after section of 
the vagi nerves and after destruction of the base of the brain, medulla 
and spinal cord That the irritability of the brain is profoundly modi- 
fied by the state of sensitization was early made clear in our experiments 

In attempting to remove the olfactory sense from sensitized pigs 
in preparation for the stable experiments, it was found that while intra- 
cranial section of the olfactory nerves produced no particular reaction, 

4 Not until this "work had been long completed did I learn that Kosenau, in 
an announcement I have not been able to trace, describes successful efforts to 
sensitize guinea-pigs in a horse stable 

5 Besredka, A, and Steinhardt, E Ann de I’lnst Pasteur, 1907, xxi, 117, 
Besredka, A Ann de I’lnst Pasteur, 1907, vxi, 777 and 950, ibid, 1910, xxiv, 
273, 879, etc 

6 Auer and Lewis Jour Exper Med , 1910, vii, 161 
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ablation of the olfactory lobes caused profound disturbance, as illustrated 
in the following experiment 

ExPEBniENT 5 — Eour guinea-pigs, about 730 gm each, were given subcutan- 
eous injections of 0 33 c c of serum, July 16 August 16, under light ether anes- 
thesia, the olfactory nerves were cut and wiped out in three animals, theie was 
no special reaction In the fourth pig, which received the least ether, both 
olfactory lobes and nerves were removed After its release the animal continued 
to lie on its side and in about fifteen minutes seveie clonic convulsions of the 
limbs appeared, lasting half an hour or more The animal gradually recoveied, 
but more than two hours after the operation manifested rhythmic “bucking’^ 
movements of the body without the feet leaving the floor Next day this animal 
was well and was given 0 76 c c of serum intiavenously, there was no reaction 
except for slight toipor One of the first three pigs was given a like injection 
immediately afterward and died within three minutes 

It should be said that removal of tbe olfactory lobes m a normal 
gumea-pig produces no definite response Tbe shock and subsequent 
antianaphylaxis described are no special effect of removal of tbe olfactory 
lobes, but follow mutilations of tbe cerebrum, thus 

Experuient 6 — A vigorous male pig, 700 gm , was sensitized July 16 Aug- 
ust 23, under ether, an amount of cerebral tissue in bulk about that of the olfac- 
tory lobes was removed from the parietal regions The animal when released 
continued for ten minutes to lie on its side with clonic twitching of the hind legs 
The next day this pig received an intravenous injection of 0 76 c c of serum and, 
with the exception of slight asthmatic wheezing, showed no special reaction 

Experiment 7 — ^Male pig, 780 gm , sensitized August 14 August 21, a bulk 
of cerebrum in size five or six times that of the olfactory lobes, was removed 
Eor nearly an hour the pig lay on its side with clonic twitchings, increasing to 
convulsions, of the legs It sprang up and bucked after sitting up and then for 
many hours carried on continuous coordinated forced movements, seeking always 
to escape restraint and wander forward The next morning the animal was 
found dead The fatal result was probably brought about partly by failure to 
react to the lowered temperature of the night air 

Numerous expeiiments of like character have definitely proved that 
anaphylactic shock is caused by mutilation of the brain in the sensitized 
guinea-pig Tbe degree of shock seems rather strictly related to tbe 
amount of cerebral tissue removed, but varies somewhat in different 
animals The intensity of shock suffered after a definite nerve injury 
seemed to diminish as the weathei became cooler If this impression is 
confirmed it may be elucidated by the facts portrayed in the next 
section of this paper In the accounts^ of anaphylactic shock and the 
resulting phase of antianaphylaxis usually given, the phenomena have 
been induced by reinjection of the antigen winch caused sensitization, 
but here are examples of profound somatic changes being induced by 
mere ablation of brain-tissue in amounts whose loss would cause no 
particular disturbance in a normal animal In seeking an explanation 

7 Doerr In Kolle and Wassermann’s Handbucb der pathogenen Mikro- 
organismen, 1913, u. Part 2, p 1085 
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for the facts at seemed probable that the effective stimulus consisted in 
the mechanical agitation of the brain To test this view an electric 
vibratoi, designed foi therapeutic massage, was used, its flat ebonite 
disk, rapidly oscillating, bemg flrmly applied for three minutes to the 
skulls of a series of sensitized guinea-pigs which were slightly etherized 
The results showed a curious disci epancy 

Experiment 8 — A guinea-pig previously described, -wbicli bad received a sub 
cutaneous injection of serum July 16, had lost part of its cerebrum August 23, 
and had recovered from an intravenous injection August 24, was submitted to 
skull vibrations September 22 The only reaction to the vibiation was rubbing 
of the nose and a slight “steppage” movement September 23 more than 0 5 c c 
of serum was given intravenously, resulting in dyspnea, peristalsis and cough, 
but recovery within an hour (This animal leceived another vibration Novem 
ber 9, followed by intravenous injection November 11, from which it recovered 
Another intravenous injection was given fourteen days later with lecovery, and 
a fifth injection into a vein was made December 9, without producing symptoms 
This is a case of either prolonged antianaphylaxis or permanent immunity ) 

Experduent 9 — Gumea-pig, male, 820 gm , sensitized July 16 From Aug 
ust 16 to August 31 it received five inhalations of vapoi of horse serum without 
eflect September 2 the electiic vibrator was applied to its skull for about five 
minutes There was no reaction except “steppage” movements, nose rubbing and 
slight incooi dination The next day the animal received intravenously 0 75 cc 
of serum and fully recovered with very slight symptoms (Tventy days later the 
olfactory lobes were removed The shock was veiT intense The animal never 
fully recovered, though it would eat greedily, it died four days after the 
operation ) 

The results of subsequent experiments indicate that desensitization 
caused in the foregomg animals by vibration of the skull was dependent 
in some way on the treatment they had preiuously received auxilliary 
to the primary sensitization Five other guinea-pigs, two of which liad 
been sensitized intravenously, were submitted to vibiation and all died 
in shock when injected the following day by the vein Two of the 
animals before the toxic injections received no less than six vibiation- 
treatments at mtervals of two days The application of the vibrator to 
the skull IS exceedingly drastic treatment and frequently resulted in 
complete inhibition of the respiration and gieat slowing and enfeeble- 
ment of the heart-beat 

The phase of antianaphylaxis produced by the shock of brain opera- 
tions IS very short It passes off in less than forty-eight hours, as was 
evidenced by three special experiments which it is not necessary to detail 
That no shock is occasioned by moderate ablation of nervous tissue in 
the normal pig is shown by the following 

Experiment 10 Normal male, 360 gm Olfactory lobes and a portion of 
the anterior cerebrum slightly greater in bulk were removed November 3 There 
was no reaction whatever (In two days this pig siekened, probably from infec- 
tion, and died in a week Other normal pigs suffered loss of much greater quan 
tity of brain without permanent disturbance) 
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In a widely quoted paper, Schurei and Strasmann® describe experi- 
ments in which they attempt to contravert Besredka’s idea that the 
sole seat of the anaphylactic leaction is in the brain They excised the 
whole biain, including the basal ganglia, in sensitized guinea-pigs and 
then gave them serum by intravenous infection The animals died 
within a peiiod vaiying fiom a few minutes to several hours, and the 
results were supposed to contravert the theory that the brain is involved 
in anaphylactic phenomena In the light of my observations it is 
plain that such methods are necessarily incompetent to clear up the 
subject 

DESENSITIZATION OE THE BBAIN THEOUGH SECTION OF THE 

OLFACTORY NERVES 

On one occasion, the olfactory lobes were removed from a fully 
sensitized gumea-pig but the animal manifested no sign of shock what- 
evei In seeking the cause for this departure from the rule that had 
seemed established, it was found that this pig had, eight days before, 
been subjected to section of its olfactory nerves It at once became 
necessary to follow out the suggestion aroused by this development 

Expekuient n — Six young pigs, weighing about 270 gm each, weie sensi- 
tized by subcutaneous injection August 29 From four of these. Pigs 1, 2, 3 and 4, 
the olfactory nerves weie cut and wiped out September 16, undei very slight 
etherization Theie was no reaction except to a very slight degree in one (Pig 2) 
in which bleeding occuired through the nose due to injury to the cribrifoim plate 
September 24, twenty si\ days after subcutaneous injection, the olfactory lobes 
were lemoved fioiii Pigs 1, 2 and 5 (the lattei having intact olfactory nerves) 
Pigs 1 and 2 showed no shock. Pig 5 lay on its side for nearly ten minutes with 
somewhat convulsive clonic trembling of the legs This shock did not produce 
antianaphylaxis for the animal succumbed to intravenous injection the next day 
September 25 the olfactoiy lobes were excised from Pig 3 There was no shock 
whatever, the animal sitting up at once when released, though it 
lubbed its nose and preened the body On the same date theie were 
taken from Pig 4 (olfaetoiy nerves destroyed September 16), both the 
olfactory lobes and a portion of the anteiior cerebium, about equal in bulk 
to the combined olfactory lobes The animal lay quietly on its side for two min- 
utes after release fiom the holdei, breathing hard but without convulsive move- 
ments, and then sat up with normal appearance except foi slight tempoiary spas- 
modic nodding of the head No antianaphylaxis was produced, foi the animal 
succumbed to an intravenous injection the next day, September 25 Pig 6, sensi- 
tized but with intact olfactoiy neives, was made to lose its olfactory lobes and 
a poiiion of the anterior ceiebrum equal to a single olfactoiy lobe When 
leleased this animal lay on its side for five minutes with clonic convulsions It 
then sat up and appealed normal for awhile, but soon became restless and the 
subject of foiced movements, which continued until the animal died in convul- 
sions, attended with enormous ei ections of the penis, aftei six hours At necropsy 
the lungs vere found collapsed, containing a few hemorrhagic aieas but no con- 
solidation 


8 Schurei, J, and Stiasmann, R Ztschr f Immunitatsforsch , 1912, 
XU, 143 
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The experiments show very definitely that in sensitized gninea-pigs 
the nervous shock following mutilation of the brain is greatly reduced 
eight or ten days after section of the olfactory nerves It was sought 
to determine how soon such desensitization of the brain followed on 
nerve section, and how long it continued 

Expebiment 12 — Pig 1, male, 440 gm , sensitized August 29 Olfactory 
nerves destroyed September 24 Nevt day the olfactory lobes were removed The 
animal manifested moderate but decided action, such as relatively slov recovery 
from the operation followed by nose rubbing and clonic tremblings of the body 
The shock was not sufficient to produce antianapliylavis foi the pig succumbed in 
three minutes next day to toxic injection 

Pig 2, female, 910 gm far advanced in piegnancy sensitized August 29 
Olfactory nerves cut November 5 November 6 the olfactory lobes and a like bulk 
of cerebrum were removed There was scarcely any shock following the oper- 
ation, the only sign of anaphylaxis being a slight inspiratory humping of the body 
setting in ten minutes after release 

These results indicate that while the desensitizing effect of olfactory 
nerve section on the brain may develop within a day, the full influence 
of the deprivation of olfactory stimuli is not established with certainty 
till later 

Expeebient 13 — ^Male pig, 500 gm , sensitized August 29 Olfactory nerves 
cut November 5 November 18 excised olfactory lobes and a similar bulk of 
cerebrum The animal lay quiet for nearly ten minutes after release and then 
sat up with no evidence of reaction except for slight rhythmic lifting of the 
legs Next day the pig succumbed in three minutes to the toxic injection 

It IS clear from these experiments that the diminished sensibility 
of the brain following section of the olfactory nerves in sensitized 
guinea-pigs may be well marked within twenty-four hours and remains 
in full force for at least thirteen days After longer periods there may 
always be suspicion of regeneration of the olfactory nerves In the 
following experiments part of the cerebrum was removed long aftei 
ablation of the olfactory lobes 

Expebiment 14 — Female pig, 690 gm Olfactory lobes removed August 27 
and the space left filled with melted paraffin (in none of several cases in which 
this was done could the paraffin be detected with certainty after several weeks) 
Serum was injected subcutaneously August 29 November 3, sixty-eight days 
after removal of the lobes, under slight ether anesthesia, there was scooped from 
the anterior cerebrum an amount of tissue estimated as about twice the bulk of 
the normal olfactory lobes There resulted moderate but distinct shock, with 
some forced movements, which passed off after about thirty minutes Two days 
later the animal withstood an intravenous injection of nearly 0 5 c c of serum 
with scarcely any reaction 

This experiment mdicates that after removal of the olfactory lobes 
(of course including the attached nerves) the sensitiveness of the brain 
to laceration has been more or less completely restored in about two 
months Similar conclusions were derived from other experiments the 
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conditions of wlucli were more complicated, wliicli it is nnnecessary to 
describe 

It migiit be claimed that the inflnence on the irritability of the 
bram apparently exerted by the olfactory sense is not a specific property 
of this sense bnt is wielded hy any strong sensory impnlse or is also 
a part of the function of other special senses I did not fully grasp, 
until too late to sensitize new animals, the importance of testing the 
relation of the visual sense to cerebral irritability. A smgle experiment, 
however, went to show that the removal of one eye does not desensitize 
the bram as m the case after section of the olfactory nerves 

Expeeiment lo — ^Male, 615 gm Sensitized by intravenous injection of 0 5 c c 
of serum September 6 Under etber anesthesia left eyeball -was removed Novem- 
ber 6 November 10, imder ether, the olfactory lobes and an equal bulk of cere- 
brum "were removed There was moderate but pronounced shock lastmg for more 
than half an hour The shock was not sufScient to protect the pig with anti- 
anaphylaxis when an intravenous injection was given next day 

Prom the results that have been described m the last two sections 
of this work it seems impossible to avoid the conclusion that sensitization 
of the bram and sensitization of the body represent different biologic 
conditions The former is a labile, the latter a stabile, state The 
threshold of irritabdity of the sensitized bram is plamly leveled in 
response to oKaetory sensory stimuli The bram may be completely 
desensitized without affectmg m the least the response of the body to 
the second, toxic dose of the antigen An attempt to elucidate the 
teleological significance of these coordinations will be made m the dis- 
cussion at the end of this paper As is well known, Besredka asserts 
that the mtracerebral mjection of 0 25 c c of serum will, m an unan- 
esthetized sensitized gumea-pig, cause speedy anaphylactic death If 
the conclusions drawn above as to desensitization of the bram followmg 
section of the olfactory nerves be correct, it should be possible for an 
animal so treated to resist Besredka’s fatal mjection That this is true 
IS proved by the followmg: 

Expeeemekt 16 — Pig 1, female, 360 gm , sensitized August 29 Olfactory 
nerves cut and wiped out September 16 September 26, under light etber anes- 
thesia, a trephine hole was made over the cerebrum and there was injected 
through a hypodermic needle into both hemispheres a total of 0 25 c c of horse- 
serum The animal was practically out from under the influence of ether during 
the mjection There was but very slight reaction marked by restlessness and 
some jerkmg of the head This ammal weighed 450 gm November 5, when it 
received an intravenous injection and died in four minutes 

Pig 2, female, 840 gm , sensitized August 29 Olfactory nerves cut Novem- 
ber 5 November 8 the skull was trephined over posterior cerebrum and the 
ammal was released until entirely recovered from ether , then, as before, 0 25 c c 
of serum was injected into the brain There was rather severe shock marked 
by clonic twitchings of legs, rapid breathing, circular movements weakness of 
hind legs, gradual recovery after an hour or two This shock was not sufficient 
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to produce antianaphyla-vis, for the ammal succumbed nest day in the usual way 
to intravenous injection 

Besredka found that intracerebral injections made with very small 
amounts of serum, or made under deep ether anesthesia, are not lethal, 
and the following day the animal is found to be antianaphylactic 
Eosenau and Anderson® repeated these experiments on etherized guinea- 
pigs and found that seven out of eight animals died from the second 
injection given next day These discrepancies may he accounted for 
by supposing that the duration of the antianaphylactic state may be 
less as well as more than twenty-four hours 

Accordmg to the precedmg argument, it should he suspected that 
ether narcosis affects only the susceptibility of the brain to shock, leaving 
that of the body unaffected It was found, m fact, that a sensitized 
guinea-pig etherized to relaxation, died as quickly from intravenous 
mjection of serum as one treated without an anesthetic In the earlier 
expeiiments of this work the mtravenous injections were all given 
without an anesthetic for fear of masking the anaphylactic symptoms, 
hut m all the eonfirmatorj^ tests the animals were subjected to a slight 
etheiization, with little or no distortion of reactive symptoms 

Eeference was made m the preceding section of this paper to an 
impression which developed as the result of prolonged experimentation, 
that the anaphylactic shock caused by the ablation of a definite mass 
of hram tissue became less intense as the weather turned cooler Such 
a result might be expected if the olfactory sense, whose excitation piob- 
ably varies with the external temperatuie, be indeed, a physiological 
legulator of brain irritability 

In his excellent contribution to the great woik edited by Kolle and 
Wassermann, Doerr summarizes his discussion on the site of anaphvlaxis 
thus “That the real points of attack of the anaphylactic noxa lie in 
the periphery has been established beyond all doubt” 

the relation oe the olfactory nerves to shock in the 

NORMAL BRAIN 

The marked dependence of anaphylactic disturbance following oper- 
ations on the brain of serum-sensitized gumea-pigs on integrity of the 
olfactoT}’’ nerves raises the question whether in the normal animal there 
is not a specific physiological relation between the olfactory sense and 
irritability of the bram The literature of cerebral physiology makes 
it obvious that so profound a problem can only be solved by a great 

9 Eosenau and Anderson Jour Med Eosearch, 1908, xx, 37 

10 “Das die wesenthchen Angriffstellen der anaphylaktischer Noxa in der 
Peripherie liegen, ist heute wohl uber alien Zweifeln sichergestellt ” Doerr in 
Kolle and Wassermann’s Handbucli der patliogenen Mikroorganismen, Ed 2 ii. 
Part 2, p 1078 ’ 
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number of guarded observations Nevertheless, a few experiments were 
ventured in this field and the results were sufficiently positive to deserve 
record 

Five gumea-pigs were taken which were m very fair condition 
although they had been inoculated with what was evidently an attenu- 
ated strain of tubercle bacilli nearly three months before In three 
of the animals the olfactory nerves were cut and two or three days 
later the olfactoiy lohes were excised together with a quantity of 
cerebral tissue estimated at thiee times the bulk of the lobes In 
makmg this estimate the olfactory lobes were placed on a sheet of paper 
and three heaps of equal size, scooped from the anterior cerebrum, were 
laid near by The operations were performed, as usual, under very 
light anesthesia As will be seen, the symptoms of shock were much 
moie pronounced in the two animals whose olfactory nerves remained 
intact up to the time of the operation 

Expeeiment 17 — Pig, 1, weight 600 gm Excised olfactory nerves November 
13 November 15 excised olfactory lobes and about three times their bulk of 
cerebrum Pig when released lay for ten minutes apparently conscious, but with 
cionic tremblings of the legs and slight dyspnea Eecovered quickly, result, very 
slight reaction 

Pig 2, 485 gm November 13 olfactory nerves cut November 16 the olfac- 
tory lobes and part of the cerebrum removed as before The animal lay quietly 
for SIX minutes and then sat up without reaction except for some dyspnea, nose- 
nibbing and rhythmic nodding of the head Eesult, very slight reaction 

Pig 3, 510 gm Olfactory nerves cut November 16 November 18 olfactory 
lobes and three times their bulk of cerebrum removed Animal tried to sit up 
in six minutes after release There were no convulsive movements, but the 
animal ran about the room and sought to hide in a dark corner Normal but 
dull within an hour Result, slight reaction as shown by apparently forced 
movements 

Pig 4, 610 gm Olfactory nerves intact until time of the main operation 
November 15, when the olfactory lobes (with nerves) and three times their bulk 
of cerebral tissue were removed Pig lay for more than ten minutes after release 
with clonic tremblings It then turned on its back with convulsive doubling of 
the body It was still unable to sit up in twenty minutes after which there was 
a convulsive twisting of the body with legs kicking It soon recovered Eesult, 
marked but moderate reaction 

Pig 5, about 580 gm Olfactory nerves intact until mam operation Novem- 
ber 16, when the olfactory lobes and cerebral tissue were excised as before Pig 
lay for ten minuntes after release with clonic tremblings of the legs, then there 
was a tetanoid twisting of the hody Sat up in twenty minutes and manifested 
apparently forced twisting movements Within forty minutes the only disturb 
ance was shown by rhythmic lifting of the body Result, marked but moderate 
reaction 

In answer to the objection to the use of ether in these experiments 
it may be said that narcotization was of such light degree that animals 
in which the olfactory nerves alone were cut would sit up at once without 
reaction on release from the holder When nerve-cell tissue was excised 
the animals lay on the side, with or without convulsive twitchings, for 
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a period apparently proportional to the amount of substance removed, 
that IS, the symptoms were a result of the operation, not of the anes- 
thesia 

INILUENOE OE GOCAINIZATION OF THE ISTOSE ON THE SHOOK 
FBOM INTRACEANIAL OPEHATION 

The suggestive surgical conceptions of Crile^’- are recalled by these 
results and an effort was made to modify the shock of brain operations 
through an attempt to cocainize the olfactoiy mucous membrane It is 
well knoivn that a solution ot cocain sprayed into the nose may com- 
pletely abolish the sense of smell temporarily Only a few unconvincing 
experiments were tried in this direction A 2 per cent solution of 
cocain was dropped into the nostrils of two sensitized guinea-pigs foui 
times in the course of fifteen hours Then under light ether anesthesia 
the olfactory lobes and a somewhat greater amount of cerebral tissue 
were removed from each, with resultant moderate but distinct reaction 
m each The shock was much less and cleared up sooner than that 
which occurred in most sensitized pigs subjected to the same operation 
without cocain Each of these animals succumbed next day to intrave- 
nous mjection Of four young pigs weighing about 240 gm each, from 
a sensitized mother, two were treated with several nasal instillations of 
cocain One of these pigs quickly died with symptoms to be detailed 
later The other three were subjected to the loss of the olfactory lobes 
and about three times their bulk of cerebral tissue There was decidedly 
less prolonged convulsive reaction in the cocainized pig than in the 
untreated pigs, though the former showed a high degree of nervous 
excitement From the lesults of observations already detailed it is 
obvious that cocain anesthesia should be prolonged for a day or two 
in order to obtain its desensitizing action, if any, on the brain 

CERTAIN ANALOGIES BETWEEN THE EFFECTS OF COCAIN POISONING 
AND ANAPHYLACTIC SHOOK 

Guinea-pigs were killed by nasal instillation of cocain and by sub- 
cutaneous and intravenous injection Five unsensitized pigs were given 
mtravenous injections of cocain in about 4 per cent solution Wliether 
the poison was injected slowly or rapidly the result was the same, a 
speedy diminution in the amplitude of respiratory movement, and 
death without convulsion The heart continued beating for many min- 
utes after respiratory arrest just as it does in anaphylactic death The 
lungs were found collapsed at necropsy 


11 Cnle, G w Boston Med and Siirg Jour , 1910, clxiii, 893 
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Three young pigs^ offspring of a sensitized mother, weighing 180 
to 240 gm each, were killed by the repeated instillation in the nose of 
a cocain solution of from 2 to 4 per cent The symptoms of poisonmg 
came on very suddenly The animal would fall on its side, the head 
was tonicaUy retracted, frequent and well-marked opisthotonus and 
clonic convulsions of legs and body occurred The same series of 
events occurred when subcutaneous in 3 ections of cocain were given 
This was done m the case of seven animals, four of which were serum- 
sensitized, hut the element of respiratory disturbance was more marked 
than when the poison was given by the nostrils The retraction of the 
head was a characteristic symptom, the chest would be distended and 
the lespiratory movements very rapid and so shallow as to he hardly 
visible An animal might recover after remaining more than half 
an hour apparently in extremis The convulsive phenomena witnessed 
m these animals were exceedingly suggestive O'f those seen iii severe 
anaphylactic shock But the particular object of these experiments was 
to follow out an observation that had been made on the pig from a 
sensitized mother, which had first succumbed to cocain by the nose 
The lungs of this animal were found, post mortem, to he markedly 
distended, almost as much so as after anaphylactic shock In two 
other cases this extraordmary post-mortem distention of the lungs was 
found, although usually the lungs were well letracted from the heart 
on the ventral side hut maintainmg apparently a condition of semi- 
expansion dorsally In two normal guinea-pigs killed by cocain sub- 
cutaneously the post-mortem lung-distention was less striking than in 
the sensitized or offspring of sensitized pigs That the post-mortem 
distention of the lungs did not depend on the terminal convulsions 
seemed evidenced by the state of two sensitized pigs which were injected 
with strychnm; in these the lungs were found completely collapsed at 
necropsy The expanded lung after death from cocain offers marked 
differences from the expanded lung after anaphylactic death The 
former is pale, the latter congested Both remam distended when 
excised, hut the former crepitates little and collapses but slightly when 
squeezed in the fingers, the latter does both In that minority of 
cases m which the lung remams distended after death by cocam, its 
behavior suggests a lubber-like structure The phenomena described 
m this section recall the similar, though still more striking, effects 
described by Dale and Laidlaw^^ as followmg the mjection into guinea- 
pigs of betaimidazolylethylamin They call attention to the anaphyl- 
actic-like changes produced by this substance 

12 Dale and Laidlaw Jour Physiol , 1911, xliii, 182 
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reactions OE GUINEA-PIGS TO HORSE-SERUM ADMINISTERED THROUGH 
THE NOSE AND BY INHALATION IN SPRAYS LOCAL 
AND GENERAL ANAPHYLAXIS 

Comparatively few investigations seem to have been made with a 
view to determining the effect of the application of antigens to the 
unaltered peripheral epithelium The reaction to the tuberculin test 
of von Pirquet involves wounding of the outei skin Administration 
of antigens by feeding, especially by means of the stomach-tube, 
greatly complicates the experimental conditions In an important paper, 
Dseizgowsky^® describes experiments in which plugs of cotton wool 
moistened with the toxin of diphtheria were applied to the mucous 
membrane of the nose and the toxin itself to the general respiratory 
tract through the inhalation of sprays Experiments were performed on 
horses and on the author himself It was asserted that in these ways 
active immunity, both local and general, could be harmlessl}'^ induced 
Blumenau,^^ following this suggestion, inserted for thirty minutes tam- 
pons moistened with diphtheria toxin, diluted to one-third strength, 
into the nostrils of children After twenty such treatments diphtheria 
antitoxin was found in the blood Practically the same result was 
obtained by Scheweleff^® in experiments on dogs A C Klebs,^® in 
his history of small-pox inoculation, mentions an ancient custom among 
the Chinese of protecting against small-pox by putting its virus into 
the nose 

Busson^’^ describes experiments in which guinea-pigs sensitized to 
horse-serum were inclosed in a tight box and made to inhale a finely 
divided spray of horse-serum, ten times diluted, for a period of two 
hours or more As far as the description can be understood there were 
very slight but positive signs of anaphylactic reaction The use of 
temperature within the box and the deterioration of the quality of the 
air must have introduced important complications into the experiment 
My results confirm, in general, tliose of this author 

SchlechP® records a series of researches which show that in3ection of 
a foreign serum into the body causes in the blood a great temporary 
increase of eosmophils, and in guinea-pigs of mast-cells as well, due to 
increased activity of the bone-marrow The administration of spray 

13 Dserzgowsky, S K Ztschr f Immunitatsforsch (abst ), 1910, m, 602 

14 Blumenau, N E Ibid, 1910, iv, 353 

15 Sehewelelf, P P Ibid, 1910, x, 1085 (Eef Bd ) 

10 Ivlebs, A C Bull Johns Hopkins Hosp , 1913, xxiv, 69 

17 Busson, B Wien klin Wchnschr, 1911, xxiv, 1492 

^ ^ 416, Deutsch Arch f klin 

405, Arch f exper Path u Pharmakol , 

1912, Kvii, 137 
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mhalations of horse-serum to gumea-pigs, either sensitized or normal, 
was followed by a high giade of eosinophilia localized in the lungs 

In the discussion of Schlect’s paper, read before the Congress for 
Internal Medicine, Schittenhelm said that he had not been able to repeat 
the lesults of Friedberger, who had produced aseptic pneumonia in 
sensitized guinea-pigs by inhalations of serum 

Ishioka^'’ made injections of serum through a fine cannula directly 
into the trachea of sensitized gumea-pigs Out of forty animals two 
died at once in anaphylactic shock, the others showed symptoms but 
lecovered. In a few cases there was pioduced interstitial pneumonia 
with much emphysema In most cases there resulted true lobar pneu- 
monia indicated by patches of infiltration which could even involve a 
whole lobe 

My method of bringing the serum in contact with the respiratory 
epithelium differed radically fiom that described elsewhere Some 
two dozen guinea-pigs were treated in two groups , in one the treatment 
consisted in instilling fresh hoise-seium into the nose by dropping it 
from a hypodermic needle, in the other the serum was bieathed as a 
fine spray In the first case the animal was gently held by the hand 
on its back, from an all-glass hypodermic syimge with easily moving 
piston and a coarse, blunt needle, droplets of serum to the amount of 
from 0 35 to 0 33 c c were allowed to fall into one or the other of the 
nostrils As a rule, only one side of the nose was utilized at each 
sitting Various animals were treated daily or at intervals of one, 
two or three days 

The serum spray was produced m a commercial ‘'vaporizer” actuated 
from a compiessed-air tank The spray thus formed was exceedingly 
fine and resembled the vapor from a gently boiling teakettle A funnel 
made of stiff paper was applied over the nose and mouth of the guinea- 
pig as it sat on a table The nozzle of the spray apparatus was closely 
applied within the smaller but open end of the funnel The spray 
was applied at intervals similar to those of the instillations and tbe 
sittings lasted, as a rule, about three minutes The serum was often 
used in full strength, in dilutions of one-half or one-quarter strength 
the results appeared the same Theoretical objections against this 
method of procedure seem invalid in the light of the reactions obtained 

Each group of guinea-pigs was composed of four subdivisions (1) 
normal animals, (3) animals sensitized by the subcutaneous injection of 
serum, (3) unsensitized animals which had weeks before been relieved 
of their olfactory lobes, (4) animals which, after the removal of their 
olfactory lobes, had been subcutaneously sensitized 

19 Ishioka, S Dfeutsch Arcli f klin Med , 1912, cvii, 500 
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special eeactions to the nasal instillation oe serum 

Wlien hoTse-sexiTin is slowly diopped as described into a nostril of 
a guinea-pig for the first time, there is usually no disturbance whatever 
The fluid IS quickly sucked into the nose, and not until a considerable 
quantity has been introduced is there any expulsion, and this is evi- 
dently mechanical Late in the sitting, taste and probably swallowing 
motions are manifested The nasal canal in a medium-sized guinea-pig 
has a length of nearly 5 cm and therefore it is not likely that the first 
droplets reach the pharynx Even with the second treatment, after 
two days, signs of active resistance to the instillation of serum may 
appear, busk expiratory sniffing movements more or less resist the 
entrance of serum or expel it from the nostril 

These minor phenomena are physiologically significant but are diffi- 
cult to interpret because they may occur with the mstillation of normal 
saline or solutions of cocain at the very first administration It was 
noted, however, that active resistance to the instillation of serum 
appeared uniformly earlier m animals with intact olfactories than in 
those deprived of their olfactory lobes In animals treated every alter- 
nate day, my notes record signs of great nasal irritation in normal 
pigs at the second instillation, while in specimens without olfactory 
lobes it was not until the fourth treatment, after six days, that active 
reactions were produced 

Previous subcutaneous sensitization had no perceptible influence in 
accelerating the reactions One definite and undoubtedly reflex response 
to the instillation was regularly obtained from certam anunals This 
was an excess of salivary secretion Wliile the mouths of practically all 
pigs which showed signs of irritation against the serum became unus- 
ually moist, in a certain number saliva would well up between and 
drool from the lips This reaction held constant m the same pigs 
through a prolonged series of observations The reaction was usually 
positive in normal pigs It was obvious, however, that saliva accumu- 
lating in the mouth was frequently removed by swallowing and thus 
failed to be noted The reaction can hardly be regarded as other than 
a sign of specific sensitization It occurred both m animals previously 
subcutaneously sensitized and in unsensitized animals, whether with or 
Without olfactory lobes It did not occur through the instillation of 
normal salt solution even when it was constantly produced by serum 
A single nasal instillation with serum evidently induces sensitization 
Thus, October 11, two normal guinea-pigs each received 0 25 c c of 
serum in both nostrils The only effect witnessed was the excitement 
of taste movements 

Sixteen days later, October 27, the treatment was repeated There 
was now considerable nasal iiritation as shown by sniflmg and active 
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expulsion of serum from the nose and rubbing of the nose with the 
paws, and in each case saliva welled from the mouth Two days later. 
October 29, one of these animals received an intravenous injection of 
serum, there was no leacUon. Five other nasal mstillations were given 
to each pig from ISTovembei 12 to November 20 The resulting symp- 
toms were the same as those elicited October 27, except that now the 
animal which had not received the intravenous injection ceased to 
respond to the instillation by the secretion of saliva Finally, Novem- 
ber 23, both animals received intravenous injections and both died 
in typical shock This account anticipates my discussion, but clearly 
indicates that local sensitizahon of the nasal mucous membrane may 
0 CCU 1 independently of and precede general sensitization 

The symptoms thus far described as resulting from nasal instillation 
of serum are minor reactions which it is possible to confuse with those 
following non-specific stimuli But there were extraordinary results 
obtained m the case of a single animal, which, though obviously some- 
what dependent on idiosyncrasy, are detailed because they differ only 
quantitatively from reactions characteristic of this group of experiments 
A guinea-pig weighing 435 gm was treated by the nostrils every second 
day During the tenth treatment, eighteen days after the first, the 
animal suddenly choked, loud rattling rales with occasional cough 
accompanied the deep and labored respiration The phenomena strongly 
suggested those of the severest form of bronchial asthma in man It 
was several hours before the pig recovered sufficiently to eat It had 
been noticed that spasmodic partial closure of the nostril had resisted 
the intake of serum Subsequent administrations of serum each second 
day provoked similar though milder symptoms, an excessive salivary 
secretion becoming a relatively more prominent reaction The symp- 
toms could not have been due to the flow of serum directly into the 
trachea, for they appeared while still too small a quantity of serum 
had been applied Later results with other animals leave no doubt 
as to the anaphylactic character of the disturbance 

THE EFEECT OF THE INHALATION OF SERUM SPRAYS 

The statement was made in the beginning that the initial exhibition 
of vaporized serum, according to the method described, provoked no 
symptoms whatever Guinea-pigs previously sensitized by subcutaneous 
injection reacted apparently as negatively to the inhalation as did nor- 
mal animals 

A remarkable difference, however, presented itself in the behavioi of 
those guinea-pigs which received the serum inhalation after a course 
of serum instillations by the nostril In these eases there was an 
immediate response to the fiist inhalation in the form of a violent 
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dyspnea, with occasional congh, asthmatic in its urgency but chaiacter- 
ized by lapid respiratory moiement The attack would develop sud- 
denly within about a minute of beginning inhalation and would not 
subside for from thirty minutes to several houis Unfortunately no 
attempt was made to deteimine whether a phase of antianaphylaxis 
succeeded recovery from the attack of dyspnea Bepetitions of inhalation 
at intervals of two days or more invariably provoked the same lesponse 

Experiment 18 — Two young pigs were treated by instillation of serum in the 
nose every third and every fourth day from May 28 to July 12 Scrum inhala- 
tions were given to one July 17, and to the othei August 7 Both animals 
exhibited the leaction described, namely, violent, rapid dyspnea, inteirupted with 
occasional deep bieaths and cough 

These, together with subsequent obseivations, make it clear that 
local sensitization of the nasal mucous membrane to horse-serum may 
be induced without the excitement of any very marked reaction An 
animal thus peripherally sensitized responds immediately to serum 
inhalation with characteristic dyspnea, while one sensitized subcutane- 
ously does not My fiiend Dr Hillkowitz kindly tested the blood drawn 
from the heait of one of the animals described, for precipitins to horse- 
serum The dilutions used were 1 1,000 and 1 10,000 The results 
were negative, as might have been expected fiom the similar observa- 
tions of Eosenau and Anderson-® An excellent opportunity seemed 
presented in these animals to determine whether the olfactory mechanism 
played any role in the serum reactions 

Experement 19 — A female pig, 645 gm , which had i egularly responded to 
the inhalation, had its olfactory nerves divided August 25 Four days later, 
and during subsequent exposures, the serum inhalations produced symptoms 
identical with those produced when the olfactoiy nerves veie intact, though 
possibly the latent period of leaction was longer September 2 the olfactory- 
lobes were excised in this pig without special reaction (because of preMOUs sec 
tion of the nerves) Two days later a serum inhalation provoked the character- 
istic dyspnea which began after the vaporization of thirty or forty drops of 
serum September 10 this animal succumbed, in less than five minutes, to the 
intravenous in 3 ection of 0 5 c c of serum 

It was clear in this case, and abundantlj'^ confirmed later, that the 
peripheial application of serum not only sensitized in a peculiar way 
the peiipheral respiratory epithelium but produced general sensitization 
as well These results were to have been anticipated from the findings 
of othei observers who used different methods General body sensitiza- 
tion develops gradually during a course of local treatment with serum 
and apparently is preceded by the acquisition of local anaphylaxis An 
effort was made to trace the development of the reactions of local and 
general anaphylaxis 


20 Eosenau and Anderson Bull Hyg Lab , U S P H S , 1906, No 29, p 35. 
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Expebiment 20 — ^Two normal male pigs, weighing 360 gm each, October 11 
were made to inhale, with intermissions, for about ten minutes the vapor of a 
50 per cent dilution of serum There was slight temporary dyspnea, undoubt- 
edly mechanical in origin and due to the long exposure to the vapor (the usual 
treatment occupied three minutes or less and the specific reaction commonly 
occurred within a minute or two) October 26, fifteen days later, the pigs having 
increased in weight, a similar less prolonged treatment was given There was 
no specific reaction, although Pig 1 breathed hard for a while ten minutes later 
October 29, three days after the second and eighteen after the first inhalation. 
Pig 2 received, without ether, 0 5 c c of serum intravenously There was no 
reaction November 12 both pigs were again sprayed with serum of 50 per cent 
dilution Almost at once Pig 1, which had not received the intravenous injection, 
was seized with \iolent, rapid panting This passed off in about fifteen minutes 
Three days later in the morning this pig was found dead I cannot account 
for the fatality except as a result of the treatment combined possibly with low 
resistance to the cool air of the night Necropsy showed the olfactory lobes 
apparently much softened The lungs ivere collapsed and congested but without 
hemorrhagic areas Pig 2, w'hich had received intravenous injection October 29, 
received four serum-inhalations from November 15 to November 20 No dyspnea 
was caused by either treatment This animal was given injection of serum by 
the vein November 23, and died with violent convulsive and bucking seizures 

These observations show that a single inhalation of serum by a 
normal gumea-pig provokes, when repeated fifteen days later, hardly 
any perceptible anaphylactic response A third spraying, performed 
seventeen days after the last, produces a well-marked leaction Intra- 
venous injection of serum during these observations may have prevented, 
it certainly did not exaggerate, the reactions It was found, as might 
have been expected, that guinea-pigs treated in precisely the same man- 
ner showed more or less individual differences in behavioi In contrast 
with the lesults of the last series of experiments, the following observa- 
tion shows that possibly response to the local application of the antigen 
may be intensified by previous general sensitization 

ExpraBUiENT 21 — ^Male, weight 670 gm Olfactory lobes removed August 26 
and the space left filled Avith melted paraffin Sensitized subcutaneously with 
0 33 c c of serum August 29 Received a prolonged inhalation of serum spray 
September 25 followed by no specific reaction Inhalation was given again 
October 10, fifteen days later A violent rapid dyspnea, which had not dis- 
appeared after an hour, immediately resulted The treatment was repeated 
three times on alternate days, with identical response except that the latent 
period of reaction increased to a minute or two 

This experiment demonstrates again that response to the inhalation 
does not demand an intact olfactory apparatus 

I will now review rapidly the history of eighteen guinea-pigs, includ- 
ing individuals which were subcutaneously sensitized or normal and 
with olfactory lobes intact or removed Half were treated piimarily 
with instillations of seium into the nose and half with serum inhala- 
tions Each group was again subdivided into two parts, the animals 
of one subgroup had serum dropped into the nose for four times on 
alternate days and those of the other for four times every fourth day 
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The result was more or less active reaction with minor symptoms such 
as have already been described After a restmg interval of twelve days 
by the first group and of six days by the second group, which followed 
the last treatment m each, all of the nine “instillation” pigs were again 
given serum by the nose To the local symptoms of nasal irritation and 
salivary secretion in certam animals was now added a more general 
reaction marked by more or le'^s obvious dyspnea together with rattling, 
apparently bronchial rMes Of the two pigs in which the latter S 3 Tnp- 
toms appeared, both had been subcutaneously sensitized and one had 
lost its olfactory lobes Both rales and dyspnea were manifested only 
by animals which had received serum by the nose every fourth day 
It IS worth noting that when the group of animals treated in four 
sittings by serum dropped into the nose were given a like treatment 
eighteen days after the first dosage, the anaphylactic response was much 
more marked m animals which had received the preliminary instillations 
eveiy fourth day 

In a parallel series of observations carried out with spray-inhalations, 
the reverse was noted, the strongest reactions occurred in animals 
receiving the four initial inhalations on alternate days Five of the 
“instillation pigs” weie given inhalations of serum on the day following 
the treatment which had produced so marked a reaction The result 
was the production of a marked specific dyspnea in two of these animals 
It IS worth notmg that of two pigs which had received no serum sub- 
cutaneously and from which the olfactory lobes had been removed, one 
responded by dyspnea to the spray and one did not Of the two pigs 
not operated on, likewise without subcutaneous serum, neither responded 
This expeiiment shows again that local sensitization of one part of the 
respiratory tract involves sensitization of the rest, though, as will be 
pointed out presently, there are marked local signs which distinguish 
the dyspnea produced by inhalation of serum in spray from that caused 
by its instillation in the nose 

Rapid dyspnea was the one sign of anaphylaxis observed in the 
inhalation experiments It could be produced in nearly all animals, 
but some individuals responded much more readily than others One 
animal which was made dyspneic by the inhalation, failed to react 
when sprayed daily, until the eighth day, when it responded agam 
In general, the daily administration of inhalations produced no response, 
though one pig which had received its first inhalation about two weeks 
previously responded each time to inhalation given every forty-eight 
houis Of four animals which had received four sprayings on alternate 
days, from October 10 to 16, only one had shown marked reaction 
They received another inhalation October 26 and each responded 
strongly — m fact the dyspnea in two cases was of desperate urgency 
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Of these animals only two had been sensitized with serum suhcnta- 
neonsly One of them had been deprived of olfactory lobes 

Five pigs which had received four inhalations from October 10 
to 23 were likewise treated with the spray, October 26, but all responded 
very feebly These animals were again given inhalations, November 2, 
and the dyspneie response was decidedly more vigorous though still much 
less marked than in the group treated after a longer passive interval 
These results suggest, of course, the similar findings when anaphylaxis 
IS studied thiough subcutaneous infections given at close intervals 
In a previous experiment it was shown that guinea-pigs sensitized 
by serum dropped into the nose could be made dyspneie at once by 
subjecting them to a spray of serum The converse of this experiment 
was now performed Four pigs that had reacted to the spray by dysp- 
nea Avere given serum by the nose In one theie was leaction with only 
minor symptoms, but in the other three after long latent periods, five 
to ten minutes, rattling rales developed, which seemed to emanate from 
both the bronchi and the nose, theie was also more or less cough 
As already mentioned, there is a marked difference in the quality 
of the anaphylactic response to the serum spray and-serum instillation 
In anmials subjected to the former there are no rales, however violent 
the dyspnea In animals responding strongly to the instillation, riles, 
Avhich may be very loud and lasting, may occur with a variable element 
of dyspnea The difference depends, probably, on the volume of secie- 
tion excited, that is, when a pig sensitized by instillation responds to 
the spray it is with a dry dyspnea, when a pig sensitized by the spray 
responds to instillation of serum droplets it is with a moist dyspnea 
In later observations it was found that, in the shock resulting from the 
toxic intravenous injection, the influence of the ‘local sign” of the site 
of sensitization still held good A pig which had been sensitized by 
the spray breathed veiy fast in its anaphylactic throes but developed no 
rales Others which had been sensitized by instillation developed rales 
with, usually, less rapid breathing under the same conditions 

All the animals employed in these experiments were finally submitted 
to the supieme test of intravenous injection of serum By this means 
it was sought to determine to what degree sensitization of the body 
could be developed by the peripheral application of serum, if at all, 
and also whether such application could essentially modify sensitization 
already mduced by serum mjected under the skin The intravenous 
mjections were given from twenty-nme to thirty days after beginning 
of the local treatment and after general sensitization had certainly been 
secured Of the twenty and more animals available, four survived the 
first intravenous injection of serum 
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Of eleven pigs tieated by nasal instillation of serum three survived 
the first ‘'^toxic” injection One of these belonged to a group of three 
from whicli the olfactory nerves and lobes had been lemoved but winch 
had received no seium subcutaneously This animal had been given 
seium by the nose four times at inteivals of four days, fiom October 9 
to October 21, and again on October 27 The creature had manifested 
plain signs of sensitization Tieated uith seium spray, October 28, it 
became violently dyspneic It was given 0 25 e c of serum intravenously 
IsTovember 10 The animal was badly shocked in a manner peculiarly 
different fiom tlin ordinary anaphylactic seizures, that is, there weie no 
clonic convulsions but the lespiration was exceedingly rapid and made 
audible by lales After about an hour, when the animal had apparent!} 
recoveied, it suddenly suffeied a fleeting twisting convulsion of the body 
Thirteen days later, November 23, this animal received a second intra- 
venous injection of more than 0 6 c c of serum Great shock resulted 
with, at the outset, no sign of comulsion except clonic twistings The 
respiration was veiy rapid and bionchial and nasal rales were loud 
Finally, after sixteen days, December 9, a third intravenous injection 
of about 0 75 ce of serum was given Theie was no anaphylactic 
leaction but great muscular weakness Slight clonic twitchings set in 
after seveial houis, the weakness inci eased and the animal died in 
about twenty hours Animals of this class also diffeied fiom those in 
oidinary anaphylactic reaction in that they appeared to be conscious 
even while lying on the side m deepest shock 

Of the other two ^‘instillation pigs” tliat suivned intra'\enous injec- 
tion, both belonged to a group of three noimal animals which had 
neither been opeiated on noi received serum subcutaneously Their 
local treatment was similar to that of the last animal described except 
that neither was sprayed Both of these animals, especially the second, 
had manifested slight but apparently unmistakable anaphylactic reaction 
to serum diopped into the nose The first of the two was given 0 33 c c 
of serum intravenously Novembei 8 The creature remained phenom- 
enal!} quiet throughout the injection There was no reaction whatever 
The injection was repeated with 0 5 c c of seium, November 24 result, 
violent convulsions and typical death I am inclined to interpret this 
case as further evidence that local sensitization may be achieved without 
producing any demonstrable general sensitization The second suiviving 
pig of this lot had especially reacted to instillation of serum by abundant 
secretions of saliva, an apparent sign of sensitization Given an 
mtravenous injection of 0 5 c c of serum, November 23, there was no 
reaction whatever (the animal was a female far advanced in pregnancy) 
Sixteen days latei, the animal having borne a litter of young a week 
previously, a second intravenous injection of neaily 0 5 c c of serum 
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was given Theie was no reaction except for rapid, jerky breathing 
and a iew rales Special stress deserves to be laid on the fact that this 
animal had achieved its wonderful power of self-protection by a course 
of tieatment which had provoked exceedingly slight signs of anaphyl- 
axis 

The single 'hnhalation-pig” that survived an intravenous injection 
of serum belonged likewise to a group of three which had neither been 
* subcutaneously sensitized nor operated on This animal did not react 
to repeated inhalation treatments until several had been given, then 
the response was slight but positive as to anaphylaxis November 8, 
0 5 c c of serum was given intravenously The reaction was moderate 
but distinct At the outset respiration was deepened and there were 
slight convulsive movements Then the breathing became very rapid, 
interrupted by occasional very deep breaths, and so continued for half 
an hour There were no rMes as in the instillation pigs November 34, 
sixteen days later, the tieatment was repeated Deep, rapid respiration 
with strangling cough came on at once The animal died in five min- 
utes wiilioui liming exhibited lespiiatoiy rales oi any convulsions 

It will be noted that none of the animals which had been previously 
sensitized by the subcutaneous administration of serum survived the 
toxic injection The conclusion is that general sensitization so produced 
IS not essentially modified by the efficient antigen applied to the periph- 
eral epithelium, although general sensitization is undoubtedly achieved 
in this way That this non-interference of the serum, peripherally 
applied, with the previous general sensitization, is not dependent on 
the time intervals of its application, seems shown by the fact that six 
^instillation” and foui “spray” pigs received a course of seven daily 
treatments extending to within three days of the toxic injection, but 
only one survived it In other cases the interval between the last 
local treatment and the toxic injection extended to more than twelve 
days It IS clear also that the olfactory apparatus, as far as represented 
by the olfactory lobes and intracranial nerves, is not essential to the 
systemic effects of serum locally applied In fact, the normal animals 
apparently resisted general sensitization in an active way except as to 
the secretion of saliva Of a group of animals reacting in about the 
same way to local treatment, one might survive and the others succumb 
to the toxic injection 

There was nothing m the results obtained by me to suggest any 
change in the respiratory epithelium resembling the “phenomenon of 
Arthus” (increasingly morbid local changes followmg repeated sub- 
cutaneous injections), which has been caiefully investigated by Nicolle 
This subject was not, however, definitely investigated 


21 Nicolle, M Ann de I’Inst Pasteur, 1907, xxi, 128 
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The statements of Friedberger, Ishioka and Busson m regard to 
pneumonic changes m the lungs of spraj^ed animals were, to a degree, 
confirmed Such lungs at necropsy frequently revealed air-free hemor- 
rhagic aieas of limited extent The affected portions when removed 
would sink in water, but they were soft and not resistant as in pneu- 
monic consolidation The post moitem change was by no means con- 
stant among sprayed pigs and was also found in animals dying from 
toxic injections, winch had not been sprayed at all 

POSSIBLE ATROPHY OF THE OLFACTORY EPITHELIUM 

Because of its importance I venture mention of a theme on which 
investigation was started but abandoned eaily in this work In animals 
deprived of their olfactory lobes and even in some under other and 
functional conditions, there seemed to be a well-maiked atrophy of the 
olfactory mucous membiane as disclosed by cutting away the roof of the 
nasal cavities The subject was puisued no further than to give a 
basis for special research 

THE EFFECT ON TUBERCULOUS GUINEA-PIGS OF TUBERCULIN APPLIED TO 

THE PERIPHERAL EPITHELIUM 

It was, of course, a surface thought that some useful therapeutic 
purpose might he served by treating a systemic affection through the 
peripheral epithelium Tuberculous guinea-pigs were the subjects and 
the old tuberculin of Ivoch was the remedy Six young guinea-pigs 
were inoculated ivith what proied to be a very attenuated culture of 
tubercle bacilli, kindly furnished me by Di G B Webb of Colorado 
Springs, July 25 Three of the animals were inoculated in the peri- 
toneum and three beneath the skin Two were used as controls and 
four were treated The treatment consisted in dropping into the mouth 
of two subjects, in such a way as to excite the maximum taste-sensations, 
or in instilling into the nose (two subjects) dilutions of old tuberculin 
usually of from 0 5 to 1 pei cent Treatment given was from everj'i 
day to every fourth day Treatments were begun more than six weeks 
before the inoculations and were continued for more than two months 
afterward Superficial observation could detect no particular reaction 
to the tieatments except the excitement of slight dyspnea by spraying 
(which was practiced later) One of the treated pigs had to be killed, 
October 23, because of a tuberculous swelling occluding the urethra 
The other pigs all gained in weight and were sacrificed for specific 
purposes nearly four months after their inoculation with tubercle 
bacilli Post-mortem examination left no manner of doubt as to the 
effect of treatment The extent and intensity of the tuberculous proc- 
esses were much greater in the treated animals than in the controls 
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DISCUSSIOlSr AND SUMCMAKY 

Certain facts recorded m this investigation seem to furnish evidence 
which must be considered in further discussions of the old problem of 
the physiological requirements in ventilation The trend of scientific 
opinion has lately been to ascribe the deleterious properties of rehreathed 
air solely to the untoward physicial conditions of heat and humidity 
usually involved Eosenau and Amoss^^ recently published experiments 
tending back to the old ‘^chemical view ’ of the noxiousness of rebreathed 
air Their work has been controverted in literature not available to me 

The observations, detailed above, on the desensitization of guinea- 
pigs when exposed to the smell of horses, seem to establish beyond 
question, if such proof were needed, that animal effluvia when inhaled 
can produce at once profound systemic disturbance It is usually taken 
for granted that “ventilation” has the same biological import for all 
people On the contrary, it may well be that people suffering from 
various ailments may find in rehreathed air noxal elements specifically 
related to their infections (as did my guinea-pigs in the stable) Such 
a conception, of course, vastly complicates the biological consideration 
of ventilation For many years I have noticed in carrying out physical 
examinations of the sick that the subjects of pulmonary tuberculosis 
appeared especially prone to avoid, as far as possible, the inhalation of 
the examiner’s breath, it has seemed to me an instinctive effort toward 
specific self-protection 

Evidence has been brought forward which indicates a peculiar 
immunological relation between the central nervous system, or at least 
the biain, and the body The brain can be sensitized and desensitized 
an indefinite number of times without essentially changing the suscep- 
tibility of the body (Besredka records three desensitizations in one 
animal within a few days) This desensitization of the brain after 
hoise-serum injections may be brought about by a number of different 
agencies, the specific antigen, as used by Besredka, or something allied 
to it and contained in the effluvia of horses, or, as I have shown, by 
cutting the olfactory nerves, lacerating the brain tissue or even by 
setting up mechanical vibrations in it Eapid desensitization of the 
biain is marked by a more or less profound nervous shock followed by 
a brief period of antianaphylaxis during which the animal is absolutely 
protected from the poisonous antigen The nerve impulses producing 
this remarkable somatic change must operate on the living tissues It 
appears probable that these nerve impulses cause the tissues, as it were, 
to open tbeir receptors for the specific antibody in the blood 

22 Eosenau and Amoss Jour Med Eesearch, 1911, xxv, 35 

23 Kolle and Wassermann Handbuch der pathogenen Mikroorganismen, 
11 , Part 2, p 1086 
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If this “allergin” is removed from the circulation an animal has 
become essentially normal as regaids reactivity to that antigen Fixed 
in the tissues the allergin combines with moie or less antigen contamed 
therein and we witness a degree of shock proportional thereto 11 is 
significant that all ohseivers seem to agree that the allergin diminishes 
greatly or disappears from the ciiculation during the phase of anti- 
anaphylaxis According to the conception presented here the allergin 
IS released from the tissues after a longer or shorter interval and, when 
returned to the circulation, susceptibility to the antigen is restored 

The widely accepted view of Friedbeiger"® that antianaphylaxis 
depends on the saturation of the anaphylactic antibody with the newly 
introduced antigen cannot explain the condition when caused by bram 
mutilation, nor does this author’s conception of the two states of non- 
specific and specific antianaphylaxis cleai the matter In fact, Bessau*® 
makes a strong stand against Friedbeiger’s theory and concludes that 
antianaphylaxis results from a reaction of the organism through which 
its iintability is depressed as regaids the anaphylactic poison In 
the masterly and lucid monograph of the Vaughans*’’ it is held that the 
important factor which determines the refiactory state of the remjected 
animal “is the changed relation between the amount of ferment and 
the substrate,” that is, the small amount of antibody remaining in the 
blood of the antianaphylactic animal becomes functionally inoperative 
in the presence of a great excess of antigen This view, also, fails to 
account for the facts I have detailed Evidence has been developed to 
show that the irritability of the brain, using this term in a broad 
physiological sense, is to an extraordinary extent dependent on olfactory 
stimuli The teleological interpretation of these cooidinations is irre- 
sistible An animal smells many agents to which his body is sensitized 
and which, if eaten, would act as poisons pe? se, but through the olfac- 
tory sense the brain is sufficiently stimulated by the odor of the antigen 
to discharge impulses which set up in the body a state of antianaphylaxis 
during which the intrinsically poisonous substance may be ingested with 
impunity The reaction of my guinea-pigs in the stable gives substan- 
tial support to such a conception The possible relations of these con- 
ceptions to human physiology, psychology and surgery are obvious 
The experiments with local applications of serum to the nose or by 
mhalation of a spray show clearly that sensitization of the respiratory 
epithelium develops after a definite latent period whose length does 

24 See the valuable paper by Anderson and Frost, Bull Hyg Lab , U S P 
H S, 1910, No 64 

25 Friedberger Ztschr f Immunitatsforsch , 1909, u, 208 

26 Bessau, G Centralbl f Bakteriol, 1911, K, 637 

27 Vaughan, V C , Vaughan, V C , Jr , and Vaughan, J W Protein Split 
Products in Relation to Immunity and Disease, 1913, p 312 



HENRY SEWALL 


887 


not appear to be influenced by previous general sensitization of the 
body 

In contrast with this relative independence of central and peripheral 
sensitizations it is found that sensitization of the nasal respiratory tract 
involves the pulmonary epithelium, and vice versa, though each reacts 
with its own ^flocal sign The local reactions of the animal inevitably 
suggest that local anaphylaxis is a state of active resistance against 
absorption of the antigen Transferring this idea to bacterial focal 
infections in the interior of the body, we get a more reasonable explana- 
tion of the beneficial results which often follow the injection of antigen- 
ous bacterial bodies, these can come into intimate contact with tissues 
capable of antibody formation from which the bacteria of the infective 
foci are debarred Finally, the proof is once more absolute that 
serum dropped into the nose or given by inhalation sensitizes the 
body irrespective of the olfactory apparatus The obvious explanation 
of the fact is that the antigen is absorbed by the circulation, as is sup- 
posed to be the case when serum is introduced into the lectum But 
“obvious explanations’^ are especially dangerous Unfortunately, I have 
not been able to show that such peripheral application of the antigen 
in any way influences the reactions of a subcutaneously sensitized animal 
to the toxic intravenous injection This seems a surprising fact in 
view of the accepted teaching that repeated injections of sublethal doses 
of serum produce in an animal a resistance, if not full immunity That 
some peculiar status is occupied by the phenomena induced by applica- 
tion of serum to the respiratory epithelium seems shown by the fact 
that in two cases unsensitized guinea-pigs, from one of which the olfac- 
tory lobes had been removed, were somatically sensitized by this means 
and that they thereafter withstood several toxic injections separated 
by intervals of about two weeks Experimental analogies have been 
presented for the anaphylactic phenomena of hay-fever and bronchial 
asthma It is shown that both a general and a local sensitization are 
to be considered, interdependent, but each having an autonomy 

CONCLUSIONS 

Briefly summarized, the following conclusions may be drawn 

1 Guinea-pigs sensitized to horse-serum may be desensitized by 
residence in a horse-stable It is probable that this reaction may be 
lapidly achieved through the olfactory sense or more slowly by absorp- 
tion through the respiratory mucous membrane The period of anti- 
anaphylaxis is of less than two days’ duration The converse of this, 

28 Vaughan, V C Vaughan, V C, Jr, and Vaughan, J W Protein Split 
Pioduets, 1913, p 259 
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sensitization of normal guinea-pigs in stable air, I have not been able 
to achieve 

2 Eemoval of part of the bram of a sensitized guinea-pig produces 
much more severe shock than the same amount of injury in a normal 
animal This shock is apt to be followed by a period of antianaphylaxis 
of short duration 

3 Section of the olfactory nerves within the cranial cavity preceding 
the brain operation by a day oi more abolishes the tendency to shock 
Such nerve section in the normal animal also seems to reduce the shock 
arismg from definite brain injury 

4 Depression of the olfactory sense may be produced through coeain 
and the symptoms of poisonmg with this drug resemble those of 
anaphylaxis 

5 The body as a whole may be sensitized through the peripheral 
application of horse-serum after a definite latent period The time 
required to sensitize the peripheral epithelium has not been found to 
be materially altered by previous general sensitization A normal animal 
sensitized by local treatment may resist large mtravenous injections of 
serum repeated at intervals of two weeks 

6 Sensitization of one area of the respiratory epithelium involves 
sensitization of the rest, though the local signs of expression are 
different 

7 The evidence indicates that local anaphylaxis, induced through 
the periphery, precedes the development of general sensitization 

8 Tuberculous guinea-pigs were made worse when treated hy instil- 
lations or sprays of old tuberculm 

Besides the expression, already made regarding Dr Powell, it is a pleasure 
to aeknowledge my indebtedness to my colleagues. Dr W C Mitchell and Dr 
P Hillkowitz, for many favors, and to Dr Auer of the Eockefeller Institute for 
hints as to technic 

1360 Vine Street 



METABOLISM IN DEMENTIA PEAECOX =*■ 


ELLISON L ROSS, Ph D 

HOSPITAL, ILL 

The findings reported in this paper are the result of work suggested 
by Di H D Singer, director of the institute, and begun by A E Wussow 
in this laboratoiy PigbinP and Statuti^ claimed from their data that 
the metabolism of dementia praecox was not normal Wussow® and 
Barnes^ did not obtain results that confirmed the findings of Pighini and 
Statuti Polin® found no evidence of an abnormal metabolism in 
dementia praecox 

TESTS 

The plan of the tests was to determine the income and the outgo of 
nitiogen, sulphur, phosphorus, calcium and magnesium in cases of 
dementia praecox Tests were made at vaiious times of the year and 
various diets were used (Table 1) 

The method of preparing and preserving the food used in these tests 
made it possible to have but one sample of food for analysis and to give 
the patient a constant diet Eor example, when hamburger was used as 
a part of the diet, sufficient very finely ground hamburger was cooked 
and then again very finely ground and mixed Weighed amounts suffi- 
cient for a meal were put in ice-cream boxes and stored in a room which 
was maintained below 0 C (32 E ) In the preparation of a meal one 
package of hamburger was put into a bowl with a small amount of water, 
set in a steam oven and warmed Coffee, when used, was prepared by 
making up a liter or more of a very concentrated solution of commercial 
soluble coffee Ten cubic centimeters of this were sufficient to make two 
cups of coffee This amount was put into a pitcher with 20 c c of con- 
densed milk and when the meal was ready to take to the ward, a couple 
of cups of boiling distilled water were added to each pitcher 

There were many difficulties to be overcome in doing metabolism 
work in cases of dementia praecox One of the difficulties was with the 
feces Cases of chronic or temporary constipation were frequently met 

* From the Illinois State Psychopathic Institute 

* Submitted for publication Feb 16, 1914 

1 Pighini Arch Neurol and Psychiat , 1909, iv, 220 

2 Statuti Am Jour Insanity, 1910, Ixvii, 299 

3 Wussow Institution Quarterly of Illinois, March 31, 1913, p 71 

4 Barnes Am Jour Insanity 1909, K, 591 

5 Folin, quoted by Wussow The Institution Quarterly of Illinois, March 
31, 1913 
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graham crackers, graham ci ackers, crackers, agar 
agar sauce agar sauce sauce 
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A clear demarcation of the feces was many times pievt 
scanty stools To overcome constipation, to insure freqc 
bowel movements and to obtain a sharp marking of feci 
in all of the desciibed tests It takes considerable dete 
noimal peison to eat 10 gm of shredded agar three tim( 
weeks, and consequently trouble was encountered in att 
such an amount to dismteiested insane persons Pat 
induced to eat 7 gm of ground shredded agar at each m 
mixed with peanut butter and butterine, and spread < 
number of failuies followed the attempts to feed agar 
other patients Patient A S took the agar when it 
coated with crystal sugar The most palatable form of 
yet been prepared by us and which was used in the tests o 
and P L , was made by passing shredded agar through a 
moistening it with water and mixing with ground ap; 
leaves the small pieces of agar tender enough to take aw£ 
consistency 




Urine and feces collector used in dementia praecoi. metabolisi 
galvanized shelf which holds the feces, allowing urine to 
collector in canvas case 

Much difficulty was at first encountered in the collect] 
feces separately or at all All tests were made on women 
refused to use either bed-pan or urinal, or both If the 
ob 3 ect to using the bed-pan and uiinal, often the collectu 
by the passage of both urme and feces at once into the ] 
difficulties were all overcome by the construction of a col 
shown in the illustration 

Immediately after the passage of the excretions, the n 
ofE into a bottle and the collector put into the canvas ce 
to the laboiatoiy Carmm was used as feces marker ii 
feces resulting from the test periods of feeding The diffi 
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Tile patient in each case was kept out of bed all day and taken daily 
for a walk of about two miles in the open air All of the cases were 
examples of dementia praecox Patients G- G , A S and P L were of 
the chronic type Patients S K and M P were of the subsiding acute 
type 

1 am indebted to Dr H D Singer and Dr S bl Clark for the fol- 
lowing summaries of the eases 

EEPOET OF CASES 

CHRONIC STAGE OE HEBEPHRENIC DEMENTIA PRALCOV 

Case 1 — Patient P L has been in the Kankakee State Hosptal since Janu- 
ary, 1904, and hut little information is obtainable concerning her early life and 
the onset of the mental disorder Her mother had been “slightly insane” for 
from fifteen to eighteen years The patient was thought normal, married and 
had two children In 1901, at the age of 32, she became depressed over the 
death of a child and following this became gradually more restless, excited and 
abusive and was treated at this hospital from August to December of that year 
She was readmitted in January, 1904, and when received at the hospital was 
clear mentally, restless, irritable, experienced sense falsifications with occasional 
violent reaction, and felt herself under outside influence Tins early period of 
episodic restlessness, excitement and irritability apparently continued until 
1907, when it was noted for the first time that she had become demented She 
has since been indifferent, inactive and careless and untidy in appearance, with 
occasional episodes of noisy restlessness lasting a few days or weeks She appears 
smiling, occasionally laughs and shows some stereotyped mannerisms such 
suddenly pulling up her clothing The metabolism test was performed in Novem- 
ber and December, 1913, while patient was in a period of complete quiescence 

Case 2 — ^Patient Gr G , aged 26, was admitted to the Kankakee State Hos- 
pital on Aug 22, 1912, with but scanty anamnesis The mental picture had per- 
sisted with but little change for at least four years at that time It was char- 
acterized by a general lack of interest in her surroundings with occasional out- 
bursts of unexplained irritability, neglect of personal appearance and occasional 
uncleanliness It was impossible to employ her steadily and for the most part 
she sat smiling to herself or wandered slowly and aimlessly She appeared to be 
quite clear and to recognize her surroundings, but gave no connected information 
Speech and actions were desultoiy with many oddities and stereotypies There 
were no evidences of disease of the body organs When admitted, the patient 
showed hemic murmur, but it has since disappeared At the time of the test the 
picture was as described above and there has been no material alteration since 

Case 3 — ^Patient A S was admitted to the Kankakee State Hospital, Dec 
9, 1910, aged 23 Very little is known of her early life, but she was considered 
an average child and graduated from common school at 14 She then went to 
work in a factory, but about two years later quietly gave it up and remained 
more or less indifferently at home She became more and more careless and 
indifferent, developed certain peculiarities, such as touching various objects, put- 
ting odds and ends in her mouth, wandering away from home, etc , and probably 
experienced some sense falsifications, but without acute reactions When 
admitted presented some physical signs suggestive of a tuberculous process in 
the lung, but there have been no cough, fever or loss of weight to suggest an 
active condition The mental picture has been one of marked absence of spontan 
eity, a smiling compliance with all requests, indifference to personal appearance 
and cleanliness, and to the situation, in spite of full clearness Answers to ques- 
tions show much desultoriness of thought with some voiheireden Except for a 
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period of a few weeks beginning in February, 1911, when she became semistupoi- 
ous, had to be spoon-fed and was more or less inaccessible though without rigidity 
of muscles, the picture outlined above has persisted unchanged The metabolism 
test was made in December, 1912, w'hile the patient was in this stationary 
condition 


SUBSiniNG STAGE OE ACUTE ICATATONIO DEMENTIA PBAECOX 

Case 4 — ^Patient M P. was admitted to the Kankakee State Hospital, Dec 
28, 1912 Her mother has suffered from some psychosis, probably dementia prae- 
cox, since 1907 The patient was born in 1882 and is described as bright intellectu- 
ally, With special interest in music, but always very nervous, self-conscious and 
irritable She had no friends or confidants, was much alone and professed a hatred 
for male society During the summer of 1912 she became depressed and later 
more restless with many odd acts and increasing inaccessibility She also experi- 
enced auditory hallucinations In December, 1912, she passed into a state of 
mutism and complete inactivity with some waxy iigidity of limbs, and was in 
this condition when admitted The metabolism studies were undertaken in Febiu- 
ary, 1913, during this phase of katatonic stupor During the earlier part of the 
tests she remained entirely mute and inaccessible, but towards the end of the 
two weeks she began to be slightly more active and to obey simple requests The 
improvement continued subsequently but the patient has remained stilted and 
affected in speech and act, more or less indifferent to her surroundings, her 
friends, and her personal cleanliness, with outbursts of unmotived restless irri- 
tability and even violence, which occasionally interrupt a usual appearance of 
smiling indifference 

Case 5 — Patient S K was admitted to the Kankakee State Hospital, July 25, 
1913, aged 20 This patient is Bohemian and it has been impossible to obtain 
much anamnesis She is described as an unusually bright child with no previous 
illness In July, 1913, she became depressed and was admitted in a condition 
of marked katatonic stupor with absolute mutism and entire lack of spontaneous 
movement, Avitli often some waxy rigidity and command automatism Food was 
swallowed when placed in the mouth, but the patient paid no attention to flies 
or to other stimuli August 1 she spoke for the first time since admission, but 
did not speak again before the 15th The metabolism test was begun August 16 
and continued until August 29, by which time it was possible to obtain a few 
answers to questions She has since improved steadily and was allowed to 
return to her friends Hov 16, 1913, having gained 23 pounds, though she still 
showed a lack of spontaneity with some vacuity and a failuie to grasp the fact 
and nature of her illness Conversation with her was very difficult owing to 
language differences 

Analyses of a composite of the daily food, finely ground and mixed, 
were made for nitrogen, sulphur, phosphorus, calcium and magnesium 
The urine for the entire period was well mixed and analyses made of the 
mixture for the diSerent forms of nitrogen and sulphur, in addition to 
the analyses made on the food A composite of the total feces of the 
period was made in each case, and the same analyses made as on the 
food The methods used are the following K3eldahl method for nitrogen, 
Folin’s sodium-peroxid and Benedict’s methods for total sulphur, Folin’s 
methods for total sulphates and inorganic sulphates in urine, McCrud- 
den’s method for calcium and magnesium, Benedict’s and Gephart’s 
method for urea, Folin’s method for ammonia, Folin-Shaffer method for 
uric acid and Folin’s colorimetric method for creatinin The official 
method of the Association of Official Agricultural Chemists was used to 
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determine the phosphorus after its oxidation The oxidation in the case 
of the nrine was with aqua regia, and in the case of foods and feces by 
Ignition followed by digestion with concentrated nitric acid for four 
houis 

The accompanying tables contain the lesults of the five tests 


TABLE 2 — ^Niteogen Expbessed in Gbams Peb Day 


Type ] 
( 

Length of Test 

Patient Days Food 

Urine 

Feces 

Balance 

F L 

7 

19 0230 

7 6966 

1 1616 

10 1648+ 

Chronic ■! 

G G 

6 

18 2122 

10 5703 

1 5340 

6 1078+ 

1 

A S 

6 

12 5496 

11 8703 

1 9313 

1 2520— 

Subsiding, 

P 

4 

16 0290 

7 2058 

0 7714 

8 0518+ 

acute ] 

1 S K 

8 

10 4437 

7 1181 

0 9619 

2 3037+ 


TABLE 3 — ^Distkibution of Ubinaht Nitbogen Evpbessed in Gbasis Peb Day 


Type Patient 

Total 

Urea 

— Nitrogen 

Ammonia 

Creatinm 

Uric Acid 


FF L 

7 6966 

0 8366 

0 1514 

0 3674 

0 1433 

Chronic 

G G 

10 5703 

9 5321 

0 2328 

0 1093 

0 0722 


A S 

11 8703 

10 5489 

0 4349 

0 2489 

0 0423 

Subsiding, 

fM P 

7 2058 

5 3741 

0 4426 

0 1245 

0 1035 

acute 1 

IS K 

7 1181 

5 80381 

1 0097 

0 3382 

0 0738 


TABLE 4 — ^Disthibetion of Ubinaby Nitrogen Expressed in Pebcentace of 

Total Nitrogen 


Type Patient 

1 

Total 

Urea 

Nitrogen — 

Ammonia 

Creatinm 

> 

Uric Acid 


'F L 

100 

88 87 

1 97 

4 78 

1 86 

Chronic 

! G G 

100 

90 17 

2 00 

1 03 

0 68 


A S 

100 

88 82 

3 60 

2 09 

0 37 

Subsiding, 

CM P 

100 

74 70 

6 15 

1 73 

144 

acute i 

[S K 

100 

81 83t 

14 19 

4 78 

1 04 


t Determination was made on nnne several days old, therefore the results are 
probably high 


TABLE 5 — Excretion of Sulphur Expressed in Grams Per Day 


Length of Test 


Type Patient 

Days 

Food 

Urine 

Feces 

Balance 


L F 

7 

1 9620 

0 7155 

0 4395 

0 8070+ 

Chronic 

G G 

6 

1 7218 

0 3143 

0 4378 

0 9695+ 


A S 

6 

1 0174 

0 7691 

0 4210 

0 1727— 

Subsiding, 

fM P 

4 

2 1645 

0 9768 

0 5282 

0 6895+ 

acute 

S K 

8 

0 9756 

0 5930 

0 5233 

0 1407— 


TABLE 6 — Distribution of Urinary Sulphur Expressed in Grams Per Day 


Type Patient 

1 

Total 

Total 

Sulphate 

Sulphur — 

Inorganic 

Sulphate 

Neutral 

\ 

Ethereal 

Sulphate 

fF L 

0 7155 

0 6321 

0 5469 

00834 

0 0852 

Chronic ■! G G 

0 3142 

0 2293 

0 2756 

0 0847 


1 A S 

0 7691 

0 4550 

0 4421 

0 3140 

0 0129 

Subsiding, f M P 

0 9768 

0 2858 

0 2936 

0 6910 

acute ( S K 

0 5930 

0 4631 

0 4291 

0 1299 

0 0340 
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TABLE 7 — Distbibution of Urinart SutPHtiB Expressed in Per Cent of 

Total Sulphur 




t 


Sulphur 


\ 




Total 

Inorganic 


Ethereal 

Type 

Patient 

Total 

Sulphate 

Sulphate 

Neutral 

Sulphate 

( 

F L 

100 

88 30 

76 30 

1164 

1190 

Chronic 

G G 

100 

72 99 

87 72 

27 02 


1 

A S 

100 

59 15 

57 47 

40 82 

1 68 

Subsiding, ' 

fM P 

100 

29 26 

30 06 

70 76 


acute 1 

[S K 

100 

78 12 

72 39 

21 91 

6 08 


TABLE 

8 — Phosphorus Expressed in Grams Per Day 



Length of Test 





Type Patient 

Days 

Food 

Urine 

Feces 

Balance 

( 

F L 

7 

12825 

04111 

0 3798 

0 4916+ 

Chronic ■{ 

G G 

6 

2 2200 

0 5369 

1 1810 

0 5021+ 

1 

A S 

6 

1 2960 

0 7193 

0 5676 

0 0091+ 

Subsiding, 

CM P 

4 

1 3552 


0 2474 


acute j 

S K 

8 

0 7625 

0 3393 

0 6347 

0 2115— 


TABLE 9 — Calcium Expressed in Grams 

Per Day 



Length of Test 





Type 

Patient 

Days 

Food 

Urine 

Feces 

Balance 

1 

’F L 

7 

1 1003 

0 2731 

0 6978 

0 1294+ 

Chronic -1 

G G 

6 

2 4045 

0 2272 

18988 

0 2785+ 

1 

A S 

6 

1 3068 

0 2794 

0 8368 

0 1906+ 

Subsiding, 

CM P 

4 

10960 

0 5954 

0 3032 

0 1974+ 

acute 1 

^S K 

8 

0 6699 

0 2472 

0 4314 

0 0087— 


TABLE 

10 — ^Magnesium Expressed in Grams Pee Day 



Length of Test 





Type Patient 

Days 

Food 

Urine 

Feces 

Balance 

1 

rF L 

7 

0 6789 

0 1281 

0 2875 

0 2633+ 

Chronic ] 

i G G 

6 

0 6313 

0 1002 

0 4931 

0 0380+ 

1 

A S 

6 

0 3521 

0 1031 

0 2594 

0 0104— 

Subsiding, 

CM P 

4 

0 4841 

0 1161 

0 1635 

0 2045+ 

acute i 

[S K 

8 

0 5356 

0 0872 

0 3302 

0 1182+ 


TABLE 11 — Distribution of Various Elements Expressed in Eelation to 

Nitrogen Valued at 100 


Type Patient 

( F li 
G G 
A S 

Subsiding, CMP 
acute ( S K 


Food 

Urine 

Feces 

Urine and Feces 

Balance 

^10 32 

9 29 

ouipuui” 

37 82 

13 04 

7 94+ 

9 45 

2 97 

28 54 

6 21 

15 87+ 

8 11 

6 48 

21 80 

8 62 

13 79+ 

13 50 

13 56 

68 45 

18 87 

8 56+ 

9 34 

8 33 

54 42 

13 82 

5 95— 


fF 


-Phosphorus- 


Ghronic 


acute 


Chronic 

Subsiding, 

acute 


CF L 
Chronic -1 G G 
I A S 
Subsiding, CMP 
acute ( S K 



L 

6 73 

5 34 

32 68 

8 93 

4 84+ 

G 

12 19 

5 08 

76 78 

14 20 

8 22+ 

S 

10 32 

6 06 

29 40 

9 32 

0 73— 

P 

8 46 


32 06 



K 

7 30 

4 77 

66 01 

12 06 

8 95— 


-Calcium- 


5.78 

3 55 

60 05 

10 96 

127+ 

13 20 

215 

123 78 

17 57 

4 56+ 

10 41 

2 35 

43 34 

8 08 

15 23— 

6 84 

8 26 

39 29 

1127 

2 45+ 

6 42 

3 47 

44 86 

8 40 

0 37— 


-Magnesium- 


3 57 

166 

24 74 

4 69 

34 66 

0 95 

32 14 

4 90 

2 80 

0 87 

13 43 

2 62 

3 02 

161 

21 19 

3 50 

5 13 

122 

34 34 

517 


2 59+ 
0 62+ 
0 83+ 
2 54-+ 
4 99+ 
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DISCUSSION OP RESULTS 

Total Nitiogen — Table 2 indicates nothing of particular interest 
concerning the nitrogen distribution With an intake of 12 5 gm of 
nitrogen as in the case of Patient A S , a negative balance is hardly to 
be expected The excessive amount of nitrogen in the urine, which was 
responsible for this negative balance is more or less constant for this 
patient as shown in a pievious test ° 

Nitrogen Partition, TJiea Nitrogen — ^The urea nitrogen in the several 
cases varied from 537 to 953 gm daily These values are within the 
range of the normal urea output, hut nearei the minimum than the maxi- 
mum limit When the patients are grouped according to the two classes 
of dementia praecox, one is immediately struck with the fact that, as far 
as the urea nitrogen is concerned, each class seemed to have a field of 
variation of its own The chronic cases excieted from 6 84: to 10,55 and 
the acute cases from 5 37 to 5 80 gm of urea nitrogen The same class 
difference is indicated in Table 4 in which the urea nitrogen is expressed 
in per cent of the total urinaiy nitrogen In the chionie cases it is from 
88 8 to 90 2, while in the acute cases it is from 74 7 to 81 8 per cent 

Polin^ shows that the uiea output is governed to some extent by the 
piotein intake Polin fed 118 gm of protein and found a uiea-nitrogen 
output of 14 7 gm which constituted 87 6 per cent of the total urinary 
nitrogen When he fed 6 gm of protein, the urea-nitrogen excretion 
decreased to 2 2 gm , making up only 61 7 per cent of the total urinary 
nitiogen The question now aiises as to whether or not in our cases the 
class differences in the output of urea nitrogen in grams and in per cent 
were not due to a difference in the nitiogen intake If this were true, 
theie should be no constant diffeience between the two classes of patients 
in the number of grams of urea nitrogen excreted per gram of nitrogen 
ingested, and in the per cent of urea nitiogen making up the total 
urinary nitrogen per gram of nitrogen ingested That this is the case 
in both of the relations is shown by the following figures for Patients 
P L,G Gr,A S,M P and S K , respectively, 0 359, 0 523, 0 841, 
0 335 and 0 566 gm of urea nitrogen per giam of nitrogen ingested and 
4 67, 4 95, 7 08, 4 66 and 7 84 per cent of total urinary nitrogen m the 
form of urea nitrogen per gram of the total nitrogen intake Since these 
figuies do not show any definite distinction between the two classes of 
patients, and since it is well known that the urea nitrogen is governed to 
some extent by the nitrogen intake, we must conclude that in this test 

6 Ross, Ellison L Some Forms of Urinary Nitrogen Affected by the Admin 
istration of Desiccated Thyroid to Dementia Praeeov Patients, The Aechives Int 
Mfd , 1913, Ml, 746 

I Folin Quoted by Lusk in Science of Nutrition, p 138 
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the differences in nrea excretions were dne to the differences in the 
nitrogen intake 

Ammonia Nitiogen — Normally ammonia nitrogen varies from about 
0 3 to 1 gm pel day The amount vanes in normal individuals with the 
diet, depending on the amount of protein ingested and on the amount of 
aeid-forming constituents and alkali metals of the diet In pathological 
cases excessive ammonia output indicates an inci eased acid formation 
within the organism Von Noorden® states that when the ammonia 
nitrogen of the urine does not exceed from 8 to 10 per cent of the total 
nitrogen intake it cannot be said to be abnormal 

In this test the ammonia nitrogen varied from 0 16 to 1 01 gm pel 
day, entirely within the normal so far as the absolute quantities are con- 
cerned The difference between the two classes of dementia praecox in 
this IS distinct, but not great enough to prohibit the explanation of the 
difference on the grounds of differences in the character of the food 

In Table 4 the ammonia nitrogen is expressed in per cent of the 
total nitrogen of the urine Expressed in this way, ammonia nitrogen 
makes up from 2 0 to 14 2 per cent of the total amount in the urine 
Von Noorden® consideis this manner of expressing the amount of 
ammonia nitrogen of no value That this is true is indicated by Folin^s’^ 
test, cited before, in which 118 gm were fed with an output of 16 8 gm 
of u] inary nitrogen and 0 49 gm of ammonia nitrogen, making up 3 0 
per cent of the urinary nitrogen, whereas when 6 gm of piotein were 
fed, 3 6 gm of nitrogen appeared in the urine, of which 0 42 gm , or 
11 3 per cent was ammonia nitrogen In these two tests there were 
about equal quantities of ammonia nitrogen expressed in grams, but 
nearly four times as much in the second test as in the first, if measured 
by the per cent of the total urinary nitrogen, which made up from 
60 to 90 per cent of the variable urea nitrogen It is an inteiesting 
fact, however, that in the acute cases a greater per cent of nitrogen in 
the form of ammonia nitrogen was excreted than in the chronic cases 

If the ammonia nitrogen were expressed in per cent of the total 
nitrogen ingested we would have for Patients F L,G G,A S,M P, 
and S K, the following values 0 80, 1 28, 3 46, 2 76, and 9 71 per 
cent These figures show a tendency in the acute cases to the excretion 
of the gi eater amount of ammonia nitrogen The average of the values 
for the acute cases, 6 23 per cent , is larger than the average of any 
two cases in the chronic group and considerably larger than the average 
of all of those in the chronic group, 1 85 per cent According to 
Von Noorden this variation not being outside of from 8 to 10 per cent , 
could not be said to be abnormal 

8 Von ITooxden Metabolism and Practical Medicine, i, 106 
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Cieatimn and Tine Acid Nitiogen — ISTo distinction can be detected 
between the two classes of patients by their output of creatinm and 
uric acid nitiogen The amounts of creatinm and uric acid nitrogen 
are within the range of normal persons, according to Schaffer, ** Hawk,^° 
hleubauer, P Munk and C VoiV^ Van Noorden^- and Polin 

Total Sulphui — Table 5 indicates the distribution of the total 
sulphur The intake varied from 0 97 to 216 gm per day The 
urinary sulphur had a greater variation, from 0 31 to 0 98 gm 
per day The fecal sulphur was remarkably constant for the two 
classes of patients In the chronic class it was from 0 42 to 0 44 gm 
and in the acute class from 0 52 to 0 53 gm per day Undoubtedly the 
gi eater part of this sulphur in the feces was in the indigestible agar, 
which contains about 1 per cent of sulphur The balances of sulphur 
are such as might be expected to accompany the nitrogen balances given 
in Table 2, except in the case of Patient S K , who showed a positive 
nitrogen balance, but a negative sulphur balance Although the char- 
acter of the diet given in Table 1 is usually considered a well-balanced 
one, the analysis of the food and feces seems to indicate that the available 
sulphur occurred m an insufficient quantity in the diet of S K 

Table 11 indicates the sulphui distribution relative to the total 
nitrogen distribution, the latter taken as a standard being evaluated 
as 100 The sulphur-nitrogen relation in the foods of the five patients 
varied considerably — from 8 11 to 13 50 per cent This variation is 
undoubtedly due to the agar, which is poor in nitrogen and contains 
about 1 per cent of sulphur 

The sulphur-nitrogen relation for the urines is interestmg in the 
wide range of variation of from 2 97 to 13 56 per cent The same 
large variation exists for the feces and for the total outgo In the case 
of the urine, feces and total outgo, the sulphur-nitrogen relation of the 
two classes of patients materially differs The aveiage of all of the 
values or any two of the values for the chronic cases is less than the 
average for the acute cases It theiefore may be concluded from these 
tests that in the subsiding acute cases of dementia piaecox there is a 
tendency to exciete more sulphur in proportion to nitrogen in both 
urine and feces than in the cases of chronic dementia piaecox Whether 

9 Shaffer Quoted by P B Hawk in Practical Physiological Chemistrvj 
Ed 3, p 270 

10 Hawk Quoted by P B Hawk in Practical Physiological Chemistry, 
Ed 3, p 266 

11 Neubauer, Munk P , and Voit, C Quoted by Von Hoorden in Metabolism 
and Practical Medicine, i, p 127 

12 Von Noorden Metabolism and Practical Medicine, i, p 115 

13 Polin Quoted by Lusk in Science of Nutrition, pp 138 364 
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or not this tendency is outside of the limits of normal variation cannot 
be determined from the data available 

Sulphur FaiUtion — Total Sulphate-Sulphur — ^The patients in this 
test excreted m the urme from 0 23 to 0 63 gm of sulphur m the 
form of sulphates These amounts made up from 29 26 to 88 30 per 
cent of the total sulphur in the urine While the total sulphate - 
sulphui of the urine is dependent on both diet and physical condition 
of the subject, Hawk^^ states that normally about 2 5 gm of sulphuric 
acid or about 0 8 gm of sulphur are excreted per day in the sulphate 
form Tolin® gives the total sulphate-sulphur output of two normal 
cases on a pui in-free diet The first case gave an average of 1 14 gm or 
94 2 per cent of the total urinary sulphur The second case gave 0 87 
gm 01 86 9 pel cent of the total urmary sulphur Mandel and Lusk^“ 
found that a normal subject, on a six-day test, excreted, for every 100 gm 
of nitrogen ingested, an average of 6 24 gm of sulphur m the form of 
sulphates Our patients, taken in the order in which the cases are 
arranged in the tables, excreted, for every 100 gm of nitrogen ingested, 
3 32, 1 26, 3 62, 1 83 and 4 45, or an average of 2 90 gm of sulphur 
in the form of sulphates While the above comparisons, made with the 
total sulphate output in these cases of dementia praecox, have not been 
closely compaiable for reasons of differences of diet, subjects and condi- 
tions of subjects, they have shown that the patients of our test did not 
excrete normal amounts of sulphate sulphur 

Inorganic Sulphates Tables 6 and 7 show the amount of sulphur 
in the foim of inorganic sulphates in the urine to have varied from 
0 27 to 0 65 gm per day, or from 30 06 to 87 72 per cent of the total 
urinary sulphur There is also a suggestion of a difference between the 
two classes of dementia praecox in the amounts of inorganic sulphates 
excreted The average of the two lowest values in the chronic cases 
IS 0 3588 gm , or 72 59 per cent of the total urinary sulphur, and the 
average in all three cases is 0 4215 gm , or 73 83 per cent of the total 
urinary sulphui, while the average in the subsiding acute cases is 
0 361 gm , or 51 22 per cent of the total There is an overlapping of 
values in the two classes, so that the class difference must be considered 
small As to the normality of the values as a whole for the inorganic 
sulphate sulphur output, there is little question The only data at 
hand for comparison are those of Folm On a purm-free diet, Folm’s 
patients averaged 1 028 gm , or 86 2 per cent , and 0 80 gm , or 78 7 
pel cent of the total sulphur According to these figures the chronic 

14 na-\\k Practical Physiological Chemistry, Ed 3, p 291 

15 Polin Quoted by Lusk in Science of Kutrition, p 364 

16 Mandel and Lusk Quoted by Von hToorden in Metabolism and Practical 
Medicine in, 613 
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patient’s output of inorganic sulpliate would be nearly normal so fai 
as the percentage of the total sulphur is conceined, but low m absolute 
quantities Compaied in the same way, in the acute cases the patients 
were below normal both in absolute weight of inorganic sulphate sul- 
phur and in its relation to the total urinary sulphur 

Neutial-Sulpliw — The neutral-sulphur output of our patients is 
especially interesting in that it confirms Pighini’s^ findings The abso- 
lute amount varies from 0 0834 to 0 6910 gm , making up from 11 64 
to TO 76 per cent of the total urinary sulphur While there is some 
overlapping of values in the two classes of patients, there seems to be 
a distinct tendency in the acute cases to the excretion of the greater 
amount of neutral-sulphur The average of the two highest values 
in the chronic class is 0 1883 gm , making up 33 9S per cent of the 
total sulphur, and the average of all three chronic cases 0 1607 gm , 
or 26 49 per cent of the total sulphur of the urine, while the average 
output m the acute cases was 0 4104 gm , or 46 33 per cent of the total 
urinary sulphur 

Sherman^^ states that normally from 5 to 15 per eent of the total 
urinary sulphur is neutral-sulphur Von Noorden finds that the neutral 
sulphur normally makes up from 14 to 25 per cent of the total urinary 
sulphur Pohn’s cases averaged 5 8 and 13 1 per eent , or 0 14 and 
0 10 gm , of neutral-sulphur These figures indicate that in the chronic 
cases an amount of neutral-sulphur very close to the limit of normal 
subjects was excreted, and that the acute cases weie quite abnormal in 
this respect 

Ethereal Sulphates — ^The data on the ethereal sulphate-sulphur out- 
put are not satisfactory or sufficient to be of any considerable impor- 
tance The tendency seems to be toward a low percentage for this 
form of sulphui 

Phosphoius — Table 8 gives the distribution of phosphorus in the 
food, urine, feces, and the balance The intake varied from 0 76 to 
2 22 gm Sherman’^® states that in normal subjects about 1 2 gm are 
necessary for a phosphorus balance to result, but that a phosphorus 
balance has been obtained on as low as 0 90 gm per day From 
these facts it is evident that Patient S El did not receive sufficient 
phosphorus for a normal person Therefore the negative phosphorus 
balance in this patient was to have been expected In the urine the 
phosphorus seems to have been moie noimal in all cases Yon Noorden^® 
states that normally the ratio P20g H = 17 In our cases the 
ratio varies from 1 7 1 to 19 1 

17 Sherman Chemistry of Food and Nutrition, p 268 

18 Sherman Chemistry of Food and Nutrition, p 278 

19 Von Noorden Metabolism and Practical Medicine, iii, 817 
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Cdlcvum — The ealcmm distribution shown in Table 9 is relatively 
a normal one The intake varied from 0 6699 to 2 4045 gm per day 
Sherman^® states that the normal body requires from 0 7 to 1.0 gm 
of CaO, or expressed in teims of Ca, from 0 6 to 0 7 gm per day 
The calcium intake of Patient S K was the only one which approached 
the minimum limit That it was her smallest calcium requirement 
IS shown by her veiy small negative balance The amount of calcium 
in the urine varied from 0 2272 to 0 5954 gm , which, according to 
von Noorden,^^ is normal No difference between the two classes of 
patients can he detected from the absolute amounts excreted or the 
amounts relative to the nitrogen given in Table 2 

Magnesium — ^EenvalP^ asserts that man normally needs 0 45 gm 
of magnesium per day Langworthy^® estimates the normal bodily 
lequirement of magnesium to be from 0 18 to 0 30 gm per day Our 
patients received from 0 3521 to 0 6789 gm per day According to 
Larigworthy^s standard all patients received sufficient magnesium 
According to Eenvalks standard all but one of our patients had a 
sufficiency of this element and that patient had a small negative balance 
The magnesium content of the urines was quite constant, varying from 

0 0872 to 0 1281 gm The feces content was quite variable because of 
the relative richness of the agar in the food The balances show nothing 
of importance The absolute amounts and the relative amounts of 
magnesium to the nitrogen in the urines, feces and balances do not 

^ show any differences between the two classes of dementia praecox 

SUMMAET 

Pive cases of dementia praecox, three of them in a chronic and 
two in a subsiding acute phase of the disease, were used in the metab- 
olism tests Over a period of from four to eight days the exact income 
and outgo of total nitrogen, different forms of nitrogen, total sulphur, 
different forms of sulphur, phosphorus, calcium and magnesium were 
determined 

The metabolism of total nitrogen was found to be within the limits 
of normal with the possible exception of one case 

The urea nitrogen of the urine was variable but remained normal 
The ammonia nitrogen of the urine varied within the limits found 
m normal cases In the acute cases a tendency was exhibited to excrete 
more of this form of nitrogen than m the other class of patients 

20 Sherman Chemistry of Food and Nutrition, p 288 

21 Von Noorden Metabolism and Practical Medicine, iii, 39 

22 Henvall Quoted by von Noorden in Metabolism and Practical Medicine, 

1 428 

23 Langwortby Quoted by E B Forbes in Bull Ohio Experiment Station, 
No 201, p 165 
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The amounts of creatinin and nric acid nitrogen obtained m these 
cases of dementia praecox coincide with the normal 

The metabolism of total sulphur is considered normal, with the 
acute cases showing a greater sulphur excretion, both m urine and 
feces than the other class of patients 

The total sulphate-sulphur output, according to the data on normal 
cases cited by authorities, was below normal 

The morganic sulphate-sulphur of the urine, according to data on 
noimal subjects, was below normal in absolute quantities in both classes 
of patients, and lowest in the ease of the acute class The amounts of 
this form of sulphur expiessed in peicentage of the total urinary 
sulphur, ueie about noimal for the chronic class but below noimal for 
the acute group 

The urinary neutral-sulphur was practically normal for the chronic 
cases, but much above normal in the subsiding acute eases 
The ethereal sulphate findings were negative 

As to the meaning of these positive findings on the sulphur metab- 
olism theie IS little question In the chronic cases there was normal 
total sulphur, practically normal neutral sulphur, below normal total 
sulphate and possibly below normal inorganic sulphate In the acute 
cases we have a noimal, but a maximum normal, excretion of total 
sulphm, subnormal total sulphate, subnormal inorganic sulphate and 
supernormal neutral sulphur E Salkowski and Eudenko*^ state the 
well-known fact that an increased neutral-sulphur output at the expense 
of the sulphates is an indication of reduced power of tissue oxidation 
Therefore it must be concluded from the sulphur data that in the acute 
cases the patients had lost to a certain degree their normal powers of 
oxidation Also this is suggested in the patients in the chronic class by 
the subnoimal sulphate output That a reduced power of oxidation 
should occur in cases of acute dementia praecox is not surprismg, since 
seemingly every bodily activity is decreased That indol-acetic acid is 
very frequently found in the urines of dementia praecox patients® is 
evidence of a diminished powei of oxidation 

The findings on phosphorus, calcium and magnesium were negative 

CONCLUSIONS 

In these eases of dementia praecox the data show the following facts 
1 The metabolism of nitrogen, phosphorus, calcium and magnesium 
was normal in both classes of patients 


24 Salkowski, E , and Rudenko Quoted by von Noorden in Metabolism and 
Practical Medicine, ii, 356 
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2 The metabolism of sulphur, except m the excessive total sulphate 
output and possibly the inorganic sulphate output, was normal for 
the chronic cases 

3 The metabolism of sulphur in the acute cases was abnormal in 
that the excretion of total sulphur was maximum normal, the total 
sulphate and inorganic sulphate output were subnormal and the neutral 
sulphur of the urine was above normal 

4 The abnormalities in the sulphur metabolism of the acute forms 
indicate a reduced power of metabolic oxidation The fewer and less 
pronounced abnormalities of sulphur metabolism in the chronic group 
suggest a similar, though less extensive deficiency, than in the case of 
the acute group 



THE TITEATIOH OF WASSEEMANH EEAG-ENTS ' 

, LOYD THOMPSON, MD 

LITTLH BOCK, AHK 

As the Wassermann test is consideied, and should be, a quantitative 
reaction, the coriect titiation of the leagents, especially complement and 
amboceptor, is of the utmost importance 

Wassermann,^ in the original communication, and Noguchi,” as 
well as other writeis on the subject, recommend the titiation of comple- 
ment and amboceptor without the addition of the other factors That 
IS, these two factors are mixed in varying quantities with a suspension 
of coipuscles On mcubation the smallest amount of the factor which, 
with a fixed quantity of the other, is required to produce complete hemol- 
ysis, IS considered as one unit For the actual test twice the unit is 
used 

This method of titration is open to objection Noguchi has pomted 
out that within certain limits complement and amboceptor are inter- 
changeable Further, it is a recognized fact that on the addition of 
patients’ serum (whether positive or negative) or antigen, more comple- 
ment or amboceptor is required to produce hemolysis than when neither 
of these factors is added This is overcome by doubling the units of 
complement and amboceptor 

The objection is that the worker does not know that twice the amount 
of complement and amboceptor which are required to produce hemoly- 
sis without serum and antigen will just produce hemolysis with them , 
that IS, of course, if the serum is from a non-luetic patient, and the 
worker does not know that, when just a small amount of the complement 
present is bound by a slightly positive serum, enough complement may be 
left to produce complete hemolysis, and a weakly positive test he changed 
to a negative 

The followmg method of titration of complement and amboceptor has 
been adopted by me in my Wassermann work 

Actual test conditions are imposed on the factors thioughout The 
human hemolytic system is employed The method of prepaiing the 
reagents has been described in a previous article ® 

* Submitted for publication Dec 8, 1913 

* Prom the Laboratory of Clinical Diagnosis, Medical Department, University 
of Arkansas 

1 Deutsch med Wclinschr , 1906, xx-vii, 745 

2 Noguchi, H The Serum Diagnosis of Syphilis, Philadelphia, 1911 

3 Thompson, Loyd Oscar A Modified Wassermann, The Aechives Int Med , 
1913, XI, 512 
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The corpuscle suspension is a 2 5 per cent solution of -washed human 
erythrocytes The complement is a 10 per cent solution of guinea-pig 
serum^ while the amboceptor is a solution of the serum of a rabbit, 
which has been immunized to human corpuscles, and diluted according 
to the titrated value 

The corpuscle suspension is, of course, fixed and when amboceptor’ 
IS titrated, it is necessary first to titrate the complement to be used 
agamst a kno-wn amboceptor, or to fix the dose of complement arbi- 
trarily The latter is the usual method and I choose 0 5 c c as the 
most common unit 

Fifteen tubes are required for the titration of amboceptor and eight 
tubes for controls The controls are the same as those used in the 
actual test In each of the fifteen tubes is placed 0 1 c c of a kno-wn 
negative inactivated serum, 0 5 c c of complement, 1 unit of antigen 
(diluted so that 1 unit = 0 1 c c ), and the amount of physiological salt 
solution required to bring the total volume up to 2 5 c c , as indicated 
in Table 1 

TABLE 1 — Titeation of Amboceptob 


Tube 

Serum 

Comp 

Ant 

NaCl 

Amboceptor 

Corp 

Total 

Results 

1 

0 1 

05 

0 1 

0 8 

0 5 of 1 

10,000 

05 

25 

NH 

2 

01 

05 

0 1 

07 

0 6 of 1 

10,000 

05 

25 

NH 

3 

01 

05 

01 

06 

0 7 of 1 

10,000 

05 

25 

PH 

4 

0 1 

05 

01 

05 

0 8 of 1 

10,000 

05 

25 

PH 

5 

01 

05 

01 

04 

0 9 of 1 

10,000 

05 

25 

PH 

6 

01 

05 

01 

12 

01 of 1 

1,000 

05 

25 

PH 

7 

01 

05 

01 

1 1 

0 2 of 1 

1,000 

05 

25 

PH 

8 

01 

05 

0 1 

1 0 

0 3 of 1 

1,000 

05 

25 

H 

9 

0 1 

05 

01 

09 

0 4 of 1 

1,000 

05 

25 

H 

10 

0 1 

05 

0 1 

08 

0 5 of 1 

1,000 

05 

25 

H 

11 

01 

05 

0 1 

07 

0 6 of 1 

1,000 

1,000 

05 

25 

H 

12 

01 

05 

0 1 

06 

07 of 1 

05 

25 

H 

13 

01 

05 

01 

05 

0 8 of 1 

1,000 

05 

25 

H 

14 

01 

05 

01 

04 

0 9 of 1 

1,000 

05 

25 

H 

15 

01 

05 

01 

03 

10 of 1 

1,000 

05 

25 

H 

16 

00 

05 

00 

05 

10 of 1 

1,000 

05 

25 

H 

17 

00 

05 

0 1 

04 

10 of 1 

1,000 

05 

25 

H 

18 

00 

05 

01 

14 

00 

05 

25 

NH 

19 

00 

05 

00 

15 

00 


05 

25 

NH 

20 

00 

00 

01 

09 

10 of 1 

1,000 

05 

25 

NH 

21 

00 

00 

01 

19 

00 

05 

25 

NH 

22 

00 

00 

00 

10 

10 of 1 

1,000 

05 

25 

NH 

23 

00 

00 

00 

20 

00 

05 

2 5 

NH 


The tubes are now incubated one hour in the mcubator or half an 
hour m the water-bath at 37 C , after which the amboceptor and cor- 
puscles aie added 

Tube 1 contams 0 5 c c of a 1 10,000 dilution of amboceptor and the 
amount is increased until Tube 15 contains 1 c c of a 1 1,000 dilution, 
or 0 01 c e of pure serum The incubation is con-tinued -two hours in 
the incubator, or one hour in the water-bath at 37 C At the end of this 
time the -tube which contains the least amboceptor, which shows com- 
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plete hemolysis, is determined and tins amount of amboceptor is consid- 
ered as 1 unit 

The titration of complement is similai except that here the ambo- 
ceptor IS the fixed quantity and the tubes contain increasing amounts of 
complement, as indicated m Table 2 


TABLE 2 — Titbation of Comflchent 


Tube 

Ser 

Comp 

Ant 

NaCl 

Amb 

Corp 

Total 

Eesults 

1 

0 1 

04 

01 

13 

01 

05 

26 

PH 

2 

01 

05 

0 1 

12 

01 

05 

25 

PH 

3 

01 

06 

01 

1 1 

0 1 

06 

25 

PH 

4 

0 1 

07 

0 1 

10 

01 

06 

25 

H 

5 

0 1 

08 

0 1 

09 

01 

06 

25 

H 

6 

0 1 

09 

01 

08 

0 1 

06 

25 

H 

7 

0 1 

1 0 

01 

07 

0 1 

06 

25 

H 

8 

00 

1 0 

00 

09 

0 1 

05 

25 

H 

9 

00 

1 0 

0 1 

08 

0 1 

05 

25 

H 

10 

00 

1 0 

0 1 

09 

00 

05 

25 

NH 

11 

00 

1 0 

00 

1 0 

00 

05 

25 

NH 

12 

00 

00 

0 1 

18 

0 1 

05 

25 

NH 

13 

00 

00 

0 1 

1 9 

00 

06 

25 

NH 

14 

00 

0 0 

00 

1 9 

0 1 

05 

25 

NH 

15 

00 

00 

00 

20 

00 

05 

25 

NH 


In the actual performance of the test, one unit each of complement 
and amboceptor, and only one, is used This is all that is required, since 
it has been determined that, with these amounts, we have secured com- 
plete hemolysis with a known negative serum, and if, with an unknown 
serum, we get any inlnbition of hemolysis, we know that something has 
bound at least part of the complement, which indicates a positive 
reaction 

In the titration of antigen the first and most important point is to 
determine whether or not the antigen is hemolytic in an amount con- 
siderably in excess of the antigenic unit This is determined by addin q 
to a corpuscle suspension gradually mcieasing amounts of the antigen, as 
indicated in Table 3 



TABLE 3- 

— TiTRATIOjV 

OF Antigen 

(HnMOLTTIC 

Effect) 


Tube 

Ant 


Corp 

NaCl 

Total 

Results 

1 

0 5 of 

1 

100 

05 

1 5 

25 

NH 

2 

0 6 of 

1 

100 

05 

1 4 

25 

NH 

3 

07 of 

1 

100 

05 

1 3 

25 

NH 

4 

0 8 of 

1 

100 

0 5 

1 2 

25 

NH 

5 

0 9 of 

1 

100 

05 

1 1 

25 

NH 

6 

0 1 of 

1 

10 

05 

1 9 

25 

NH 

7 

0 2 of 

1 

10 

05 

1 8 

25 

NH 

8 

0 3 of 

1 

10 

05 

1 7 

26 

NH 

9 

0 4 of 

1 

10 

0 5 

1 6 

25 

NH 

10 

0 5 of 

1 

10 

05 

1 5 

25 

NH 

11 

0 6 of 

1 

10 

05 

1 4 

25 

NH 

12 

0 7 of 

1 

10 

0 5 

1 3 

25 

NH 

13 

0 8 of 

1 

10 

05 

1 2 

25 

NH 

14 

0 9 of 

1 

10 

05 

1 1 

2 5 

NH 

15 

1 0 of 

1 

10 

05 

1 0 

25 

NH 

IB 

1 5 of 

1 

10 

05 

05 

25 

PH 

17 

2 0 of 

1 

10 

05 

00 

25 

H 
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Tube 1 contains 0 5 c c of a 1 100 dilution of antigen, "while Tube 17 
contains 3 c c. of a 1 10 dilution, or 0 3 c c of pure antigen. 

The tubes are no"w incubated for one hour in the "water-bath at 37 C , 
and the one containing the largest amount of antigen in "which there is 
no hemolysis is recorded 

Working with Dr Gabby of the Psychopathic Institute at Kankakee, 
111 , and Dr Kichols of the Presbyterian Hospital, Chicago, I have shown 
that certain antigens, which have a marked hemolytic action when added 
to corpuscles alone, have this action inhibited when either human or 
gumea-pig serum is added in small quantity (01 c c ). 

The question naturally presents itself, whether or not such an antigen 
would be a safe one to use, since antigen is never used in a test without 
the presence of patients’ serum and complement I do not consider it 
safe, because if it is used, and the corpuscles are hemolyzed, it would not 
be kno"wa how much of the hemolysis is due to the amboceptor and com- 
plement, and how much to the antigen 

TABLE 4 — Titbation of Antigen (Anticompuementaet Vaeue) 


Tute 

Ser 

Comp 



Ant 


NaCl 

Amb 

Corp 

Total 

Results 

1 

0 1 

05 

0 

5 

of 

1 

100 

08 

0 1 

05 

25 

H 

2 

0 1 

05 

0 

6 

of 

1 

100 

07 

0 1 

05 

25 

H 

3 

0 1 

05 

0 

7 

of 

1 

100 

06 

0 1 

05 

25 

H 

4 

0 1 

05 

0 

8 

of 

1 

100 

05 

01 

05 

26 

H 

5 

01 

05 

0 

9 

of 

1 

100 

04 

01 

05 

25 

H 

6 

01 

05 

0 

1 

of 

1 

10 

12 

01 

05 

25 

H 

7 

01 

05 

0 

2 

of 

1 

10 

1 1 

01 

05 

25 

H 

8 

01 

05 

0 

3 

of 

1 

10 

10 

0 1 

05 

25 

H 

9 

01 

05 

0 

4 

of 

1 

10 

09 

01 

05 

25 

H 

10 

0 1 

05 

0 

5 

of 

1 

10 

08 

0 1 

05 

25 

H 

11 

0 1 

05 

0 

6 

of 

1 

10 

07 

0 1 

05 

25 

H 

12 

0 1 

05 

0 

7 

of 

1 

10 

06 

0 1 

05 

2 5 

H 

13 

01 

05 

0 

8 

of 

1 

10 

05 

01 

05 

25 

H 

14 

0 1 

05 

0 

9 

of 

1 

10 

04 

0 1 

05 

25 

H 

15 

01 

05 

1 

0 

of 

1 

10 

03 

0 1 

05 

25 

PH 


The second point to be determined is the anticomplementary effect 
of the antigen In a good antigen this effect must not be evident in an 
amount considerably greater than the antigenic unit A series of fifteen 
tubes is arranged as m Table 4, 0 1 c c of a knovm negative, inactivated 
serum is placed in each tube, one unit of previously titrated complement 
(usually 0 5 cc), increasing amounts of the antigen and enough salt 
solution to bring the total volume, when amboceptor and corpuscles are 
added, to 3 5 c c The "tubes are now incubated for half an hour m the 
water-bath at 37 C , after which one unit of previously titrated ambo- 
ceptor and 0 5 c c of corpuscles are added and the mcuba"tion con- 
tinued for one hour The tube which contains the largest amount of 
antigen in which hemolysis is complete is recorded 

The next and final pomt in the titration of antigen is the determina- 
tion of the antigenic unit This titration is identical "with the determi- 
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nation of the anticomplementary value, except that instead of using a 
known negative serum, a known positive serum is employed In fact, 
these two titrations may he, and usually are, carried out at one time 
After the final incubation the tubes are placed in the ice-box for a few 
hours, when the tube is determined which contains the smallest amount 
of antigen in which inhibition of hemolysis is complete 


TABLE 5 — Titkation of Antigen (Antigenic Unit) 


Tube 

Ser 

Comp 

Ant 


NaCl 

Amb 

Corn 

Total 

Eesults 

1 

0 1 

06 

0 6 of 1 

100 

08 

01 

06 

25 

H 

2 

0 1 

05 

0 6 of 1 

100 

07 

0 1 

05 

25 

PH 

3 

0 1 

05 

0 7 of 1 

100 

06 

01 

05 

25 

PH 

4 

01 

05 

0 8 of 1 

100 

05 

01 

05 

25 

PH 

5 

01 

05 

0 9 of 1 

100 

04 

01 

05 

25 

PH 

6 

0 1 

05 

0 1 of 1 

10 

12 

0 1 

05 

25 

NH 

7 

01 

05 

0 2 of 1 

10 

1 1 

0 1 

05 

25 

NH 

8 

01 

05 

0 3 of 1 

10 

10 

01 

0 5 

25 

NH 

9 

01 

05 

0 4 of 1 

10 

09 

0 1 

05 

26 

NH 

10 

01 

05 

0 6 of 1 

10 

08 

01 

05 

26 

NH 

11 

01 

06 

0 6 of 1 

10 

07 

01 

06 

26 

NH 

12 

0 1 

05 

0 7 of 1 

10 

06 

0 1 

06 

26 

NH 

13 

01 

05 

0 8 of 1 

10 

05 

01 

06 

26 

NH 

14 

01 

05 

0 9 of 1 

10 

04 

0 1 

05 

25 

NH 

15 

0 1 

05 

10 of 1 

10 

03 

0 1 

06 

26 

NH 


The antigenic unit is that amount of antigen which is the average 
of the smallest amount which will completely inhibit hemolysis with a 
known positive serum, and the laigest amount which will cause no inhi- 
bition with a known negative seium For example, if we have found that 
0 1 c c of the 1 10 dilution of antigen completely inhibits the hemoly- 
sis with a known positive serum, and 0 9 c c of antigen is the largest 
amount which does not inhibit hemolysis with a known negative serum, 
0 5 c e IS the antigenic unit 
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ATTEMPTS TO PEODUCE SCAELATINA IN MONKEYS ‘ 
CHARLES KRUMWIEDE, Jk, MATTHIAS NICOLL, Jk 

AND 

JOSEPHINE S PRATT 

NEW TORE 

I 

Notwithstanding the numeious attempts to inoculate the lower 
monkeys with scarlet fever, the positive results reported, notably those 
of Cantacuzene^ and Bernhardt,^ have not been substantiated by others 
who have repeated the experiments of these observers (Notes 1 to 4 
give the complete recent literature ) Thus Landsteiner and Levaditi^ 
inoculated thirty-five monkeys of five different lower species with exudate 
from the throat and with the blood and lymph-nodes of scarlet-fever 
patients, by local application to the fauces of the animals and by 
intravenous, intraperitoneal and subcutaneous injections of scarlet-fever 
products without obtaining a seemingly positive result Klimenko,^ mak- 
ing use of twenty monkeys of five lower species, was equally unsuccessful, 
although he included among his many experimental procedures that of 
Bernhardt, who claims to have produced the disease in fourteen out of 
nineteen aimals Shoitly after the publication of Cantacuzene^s first 
papers, Dr Park inoculated six monkeys with the blood of six fresh 
scarlet-fever cases, including several of the malignant type The technic 
employed was the same as that described in Cantacuzene’s report The 
results® were completely negative Our few experiments are given here- 
with as an additional contribution to the proof that this class of monkey 
IS immune to the virus of scarlet fever when inoculated by any method 
heretofore made use of 

Some of the inoculations recorded had their inception in a laboratory 
accident An assistant, while preparing the suspensions of streptococci 
for immunization of horses, sucked some of the suspension into hei 
mouth This accident occurred Oct 24, 1912 On the morning of Octo- 
ber 26, a beginning sore throat was noticed which became progressively 
worse during the day The sore throat with general symptoms of pros- 
tration continued on October 28, tingling of the skin and arms and 

* From the Research Laboratory, Department of Health, New York City 

* Submitted for publication Dec 10, 1913 

1 Cantacuzfene Compt rend Soc de bxol , 1911, Ixxi, 196 and 405 

2 Bernhardt Deutsch med Wchnschr , 1911, xxxvii, 791 

3 Landsteiner, Levaditi and Prasek Ann de I’Inst Pasteur, 1911, xxv, 754 

4 Klimenko Jahrb f Kinderheilk , 1913, Ixxvii, 679 

5 Unpublished 
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chest was noticed, probably the beginning of the exantbem When seen 
on the morning of October 39, a general pharyngitis was present, 
and a typical scarlatinal rash covered the arms, chest and abdomen, the 
legs being comparatively free The temperature was 101 6 P , rising to 
103 later in the day During the next two days the temperature fell to 
normal and the throat and geneial symptoms disappeared The subse- 
quent course was uneventful, desquamation taking place in a typical 
manner As far as could be determined, there had been no contact with 
a case of scarlet fever 

The streptococci in the suspension were the following 

Scarlet fever — throat, 4 strains, 2 hemolyzing, 2 green 
Mastoiditis — 3 strains, 3 hemolyzing 
Puerperal sepsis — 3 strains, 3 hemolyzing 
Pleurisy — 1 strain, green 
Erysipelas — 1 strain, hemolyzing 

EXPERIMENTS 

Experiment 1 — Monkey No 693, Java, female, Nov 25, 1912, throat swabbed 
and sprayed with a heavy suspension of strains of streptococci previously men- 
tioned This suspension was used in all the expeiiments The blood-counts 
taken in all will be found in the accompanying table No change in throat or 
tongue was observed in any animal, no inclusion bodies (Dohle), were seen in 
any of the smears except in Experiment 3 

OhsQrvatxons — ^The temperature, which was taken for ten days before the 
animal was used to determine the normal range, fluctuated between 100 and 
101 4 F After inoculatioon the temperature range remained the same, except 
for one rise to 102 2, November 28 

Experiment 2 — ^Dog faced baboon A, male Dec 3, 1912, throat swabbed 
and sprayed with the suspension 

Oiservations — The temperature fluctuated between 99 4 and 101 6 F for eight 
days preceding inoculation After inoculation the highest point was 101 8 
Experiment 3 — ^Dog faced baboon B, female Dec 13, 1912, throat swabbed 
and sprayed with suspension 

Oiservations — ^Tlie temperature before injection was only taken for three 
days and ranged about 101 F After injection it rose at times to 102 and twice 
to 102 2 F Small dot like inclusion bodies Avere occasionally noted, which were 
slightly more numerous December 4 

Results — Mixed streptococci from scarlet fever and other sources 
which have been grown for some months on media, caused no perceptible 
reaction, when applied to the throat of monkeys 

Experiment 4— Monkey 593, Macacus, female Dec 6, 1912, 2 cc of sterile 
10 per cent sodium citrate solution were drawn into a syringe, which was then 
used to take 25 c c of blood from a child ill four and one-half days with scarlet 
fever The child showed a profuse rash over body, typical scarlatinal tongue 
and throat and enlargement of the cervical, inguinal and axillary lymph-nodes 
he temperature at the time was 102 F The blood Avas injected intraperitoneally 
into the monkey within a few minutes after withdrawal from the child 

Olservattons —Before and after injection the range of temperahire fluctuated 
^ ^ December 10, 11, 12 and 13, the temperature ranged 
rom 102 to 102 2 F At no other time did the temperature remain at this height 
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The noteworthy points in this experiment are that on the fourth day after the 
in 3 ection the temperatuie reached its highest point and remained high for four 
days On the day preceding this rise the polynuclear percentage rose and during 
the four days of highest temperature continued its rise with that of the total 
count As the monkey was menstruating at this time no weight can he placed on 
these changes At best they were too slight to be even suggestive of a successful 
inoculation 

Table oe Total Nlimbeb of Leekocvtes and Percentage of Polynucleaes ij 

Experiments 1 to 7 


Animal 



593 

A 



B 

593* 

I 

Days Before 



Leuk 

Polyn 

Leuk 

Polyn 

Leuk 

Polyn 

Leuk 

Inoculation 



No 

% 

No 

% 

No 

% 

No 

8 



PPI 

« 






7 

— 

— 


27 

— 

— 

— 

— 

11,500 

6 

13,850 

59 


40 

— 

— 

— 

— 

— 

5 

10,500 

67 

— 

— 

— 

— 

— 

— 

i 

12,000 

63 

11,000 

33 

— 

— 

10,500 

57 

10,500 

3 

12,500 

64 

— 

— 

— 

— 

— 

— 

— 

2 

13,000 

65 


— 

11,000 

48 

10,700 

53 

— 

1 

10,500 

64 

14,000 



40 

14,000 

35 

■ ■ 

-■ 


Day of 
Inoc^ation 










0 

13,300 

68 




' 

■ ' 




Days After 
Inoculation 










1 

13,600 

59 

12,400 

36 

12,500 

54 

11,300 

56 

13,000 

2 

11,300 

66 

12,000 

42 

— 

— 

— 

— 

— 

3 

— 

— 

— 

13,000 

46 

12,500 

70 

9,000 

4 

11,200 

62 

11,500 

38 

11,000 

50 

16,500 

68 

9,000 

6 

— 

— 





13,000 

33 

14,000 

70 

10,400 

6 

— 

— 





— 

— 

10,500 

61 

— 

7 

10,500 

57 

10,500 

44 

— 

— 

12,500 

68 

— 

8 

— 

— 

— 

10,200 

— 

9,000 

59 

9,100 

9 

10,700 

53 

— 

— 

— 

— 

— 

— 

— 

10 



— 



— 

— 

— 

— 

— 

— 

11 

— 

— 

— 

— 

— 

— 

9,300 

52 

— 

12 

— 



— 

— 

— 

— 

— 

— 

— 

13 

— 

— 

— 

— 

— 

— 

— 

— 

— 

14 



_ 


— 

— 

— 

— 

— 

— 

15 







10,300 




* Second inoculation 


Experxment 5 — ^Dog-faced baboon A Dec 13, 1912 25 c c of blood were 
taken from a child of 13 five days ill with scarlatina, who showed a typical rash 
and scarlatinal throat and tongue Tlie temperature at the time was 100 F The 
blood was injected intrapentoneally into the monkey immediafel after withdrawal 
from the child 
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Observations — ^The temperature reached 101 8 before injection, but as a rule 
fluctuated closely around 101 F After injection the range was between 101 and 
102 F , giving in the chart the appearance of a slight transient rise 

BesitU — The intraperitoneal m 3 ection of 25 c c of blood into a 
macaeus monkey was followed by a slight use in temperature and a 
coincident increase in the total and polynuclear leukocyte count, this 
use, however, was slight and probably due to other causes A similar 
injection into a baboon was followed by no leaction 

Experiment C — ^Dog faced baboon 12, female March 31, 1913, swabs were 
smeared with the discharge from eais, throat and nose of seven children, ill 
from four to fifty five days with scarlet fever alone or with scarlet fever and 
subsequent complications The mateiial on the swabs was washed off in sterile 
normal saline solution This suspension was filteied through a Berkefeld filter, 
the first filtrate being thrown back on the filter and saline passed through the 
filter after the suspension had passed through Forty c c of filtrate was obtained, 
which was bacteiially sterile, and this was injected intrapentoneally 

Observations — ^Tlie temperature rose to 102 F the second day after injection 
The normal range for this animal was about 101 F, occasionally rising half a 
degree higher 

Experiment 7 — ^Dog-faced baboon 12, female April 21, 1913, swabs were 
collected as in the preceding experiment These were washed off in saline, giving 
a total of 4 c c suspension Ihis w’as sprayed and swabbed on the animal’s 
throat 

Observations — The temperature did not rise above 101 C F 

Results — Tbe intiapentoneal injection of bacteria-free material from 
scarlet-fever cases and tbe direct application to tbroat of tbe same type 
of material without filtration, were followed by no reaction 

SUMMAHT 

Tbe attempt to produce scarlet fever in monkeys and baboons by 
tbe faucial inoculation of streptococcus cultures or unfiltered exudates 
and discharges from scarlet-fever cases, as well as the intraperitoneal 
injections of filtrates of such exudates and discharges and of large quanti- 
ties of blood, gave negative results 



GEEMAN MEASLES (EUBELLA) AN EXPEEIMENTAL 

STUDY - 


ALFRED F HESS, MD 

NEW ■SOKK 

Investigations as to the natnre of Geiman measles are totally lacking. 
This IS probably dne to the fact that this disease is mild and so 
lately encountered in hospital waids The only opportunity afforded 
for a systematic study from a laboratory standpoint is the occurrence 
of an epidemic in an institution where children are housed in large 
numbers An occasion of this kind — an epidemic attacking fifty or more 
children in an infant asylum — ^led to the present investigation;, which 
includes a bacteriological study of the blood, inoculations of blood into 
monkeys with the ob 3 eet of producing the disease, and a cellular exami- 
nation of the blood during the period of incubation of the disease 

In four instances the blood was obtained for bacteriological exami- 
nation In three of the cases the rash had been piesent for less than 
twenty-four hours, and in the fourth for about thirty-six hours, in 
two the temperature of the child was above the average, that is to say, 
between 103 and 103 E So that it may be said that I was able to 
obtain the blood in severe cases as well as at the very onset of the dis- 
ease The latter circumstance would appear of particular importance 
when we remember that the virus of measles has been found with regu- 
larity only in the early period following the stage of exanthem Numer- 
ous cultures made on mediums containing serum and hemoglobin showed 
no giowth whatsoever Other cultures were made by Dr Zingher, whom 
I wish to thank in this connection, according to the method developed 
by Noguchi for the cultivation of the spirochete of syphilis , the medium 
contains two parts of salt-free agar, one part of ascitic fluid, fresh kid- 
ney tissue, and is covered with liquid petrolatum to insure anaerobic 
conditions It was not found possible to obtain any growth from the 
inoculation of the blood in our cases. The tubes were incubated for 
some weeks 

An attempt was made to produce this disease in monkeys Four 
Macacus rhesm monkeys were inoculated with blood obtained from four 
diffeient cases In two instances the blood was from the same source 
as that used for purposes of cultivation In all cases the rash had 
existed less than twenty-four hours, in most the temperature was high 
when the blood was withdrawn Following is a summary of the 
protocols 

* From tlie Research Lahoratory, Department of Health, Hew York City 

* Submitted for publication Jan 8, 1914 
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Case 1 — Feb 7, 1913 Child which developed rash during the night, tem 
perature normal 

Three cc of citrated blood inoculated intraperitoneally into Monkey 1 
The temperature was followed for four weeks Although it frequently rose to 
103 or over, there was no sudden rise or fall 

Case 2 — ^March 3, 1913 Kash seen on child for first time this morning, 
temperature 101 F 

Five cc of blood obtained from right jugular vein, and inoculated intra- 
peritoneally a few hours later into Monkey 2 The course of the temperature is 
shown in the accompanying chart It will be noticed that there is a definite 
rise occurring on the nineteenth day after inoculation and lasting for about forty- 
eight hours 

Case 3— Maich 6, 1913 Child with rash for past twelve hours, temperature 
101 F 

Four c c inoculated intraperitoneally into Monkey 3 For three weeks tem- 
perature varied between 101 1 and 102 3 F No rash 

Case 4 — ^March 8, 1913 Temperature of patient 1013 F when blood was 
withdrawn Eash had existed about twelve hours 

Eight cc of blood inoculated intraperitoneally into Monkey 4, cultures also 
taken For the next three weeks the temperature ranged between 1013 and 
103 F No exanthem 



Chart of temperature of monkey (Case 2) inoculated with blood from early 
case of rubella 


It will be seen that in each instance from 3 to 8 c c of blood was 
inoculated intraperitoneally In no case did the rash develop In view 
of the fact however, that this appears so rarely and faintly in experi- 
mental measles, it was hardly anticipated that we would succeed in pro- 
ducing a rash experimentally in rubella Our attention, therefore, was 
closely directed to the course of the temperature In only one instance 
was there a rise in temperature, following a considerable period of incu- 
bation (see chart) In the others there was no such rise In view of 
the fact that the tempeiature of monkeys is somewhat unstable, too great 
significance should not be accorded tins rise of temperature In general. 
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it may be stated that there is danger m placmg too great reliance on a 
rise of temperature as the sole criterion of the production of a disease 
in monkeys If the rise is sudden and the period of incubation care- 
fully conti oiled, however, this method of study is of value 

Although there have been no cultures whatsoever made of the blood 
in German measles and no inoculation experiments on monkeys, there 
have been, as might be supposed, some previous mvestigations as to the 
number and type of leukocytes in this disease Hildebrandt and 
Thomas^ found a leukopenia at the onset of the exanthem, and an 
increase of the lymphocytes, as well as an increase in the large Turk 
cells Michaels,^ as the result of an investigation of eighty cases of 
rubella, also found a leukopenia in the majority of cases These studies, 
however, w'ere carried out after the rash had appeared, and the only 
study which has taken cognizance of the blood in the earlier stages of 
the disease was one by Plantenga ^ Our investigation concerned itself 
entirely with the blood during the ineubation period This was very 
easily carried out in the institution, for as soon as rubella developed, 
blood-smears were taken daily from the healthy children in the ward 
and were laid aside for examination in the event of some of these chil- 
dren developing the disease In this way, in numerous instances, con- 
secutive blood examinations were carried out before and up to the 
appearance of the rash The following data show the results of these 
exammations, which were kindly earned out for me by Dr Jerome 
Zuckerman 


1 H B , 2 years old Exanthem May 2 


Per Cent of April 28 

Polyn 55 

Lymph 20 

L mono 11 

Eosinoph 3 

Basoph 1 

2 L S , 3% years old Exanthem 
Per Cent of April 28 

Polyn 59 

Lymph 28 

L Mono 5 

Eosinoph 8 

Basoph 


April 29 

April 30 

May 

66 

53 

60 

22 

35 

35 

5 

8 

10 

4 

4 

4 

3 

0 

1 

May 2 


May 

April 29 

April 30 

61 

54 

41 

33 

36 

45 

9 

9 

9 

7 

1 

4 


1 


3 S S , 5 years 

old Exanthem May 2 




Per Cent of 

April 28 

April 29 

April 30 

May 2 

May 12 

Polyn 

49 

46 

50 

31 

50 

Lymph 

35 

39 

40 

65 

34 

o 

L Mono 

7 

5 

4 

5 

o 

Eosinoph 

5 

10 

5 

6 

4 

A 

Basoph 

4 

0 

1 

3 


1 Hildebrandt and Thomas 

Ztschr f 

klm Med , 

1906, lix, 

444 


2 hlichaels, M Arch Pediat , 1908, xxv, 598 ^ 

3 Plantenga Arch de m6d d enf , 1903, vi. Iso 3 
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4 M G, 2 years old 

Exanthem June 14 



Per Cent of 

June 11 June 13 

June 14 

June 19 

Polyn 

43 33 

34 

53 

Lymph 

46 57 

56 

42 

L Mono 

7 7 

7 

5 

Eosinoph 

4 3 

3 


5 G S , 2 years od Exanthem June 19 



Per Cent of 

June 14 

June 18 

June 19 

Polyn 

40 

34 

29 

Lymph 

61 

62 

63 

L Mono 

8 

1 

7 

Eosinoph 


3 

1 

6 E K , 2% years old 

Bxanthem June 19 



Per Cent of 

June 14 

June 18 

June 19 

Polyn 

52 

35 

45 

Lymph 

45 

59 

51 

L Mono 

3 

6 

4 

7 W S , 2 years old 

Exanthem June 19 



Per Cent of 

June 14 

June 18 

June 19 

Polyn 

54 

46 

45 

Lymph 

41 

52 

54 

Eosinoph 

5 

2 

1 


It IS evident that in almost all cases of Get man measles thei e was a 
definite inciease in the lymphocytes even preceding the appeal ance of 
the exanthem 

It would seem that this premomtoiy lymphoeytosis might be of value 
to mstitutions in heralding the fact that infection has taken place, and 
in facilitating the segregation of infected from non-infected children, 
and thus, perhaps, in limitmg the spread of an epidemic That theie 
IS a lymphocytosis at the time of the appearance of the rash may also 
serve to differentiate rubella from scarlet fever, a disease with which 
it is sometime confounded, but which is associated with an increase of 
polynuclear cells in its early stage 
16 West Eighty-Sixth Street 



THE DIFFERENTIAL DIAGNOSIS OF THE INTESTINAL 

ENTAMEBAS OF MAN 

CHAELES E CRAia, MD 
Captain Medical Corps, TJ S Army 
FOET LEAVENWOSTH, EANSAS 

The observations on the parasitic amebas that have been made within 
recent years have emphasized the importance of distinguishing between 
the species parasitic in the intestine of man, and it is the purpose of 
this contribution to give, as briefly as possible, the chief morphological 
points on which such a differentiation must rest, and the technic that I 
have found most helpful in demonstrating the morphology of these 
parasites In order that what follows may be clear, a brief review of our 
present knowledge of the intestinal entamebas of man is necessary 

HISTOEICAL ACCOUNT 

In 1903, Schaudinn^ described and differentiated two species of 
entamebas parasitic in the intestine of man One of these, the cause of 
the disease known as amebic dysentery, he named Entamoeba lixstolytica, 
while the other, a harmless commensal, he named Entamoeba coh 

In 1905, while studying these parasites in soldiers mvalided home 
from the Philippine Islands with dysentery, I confirmed Schaudinn’s 
observations, and published my results in the summer of that year ® In 
that paper I detailed the morphology of both species and the results of 
experiments on kittens with these entamebas, being the first to confirm 
Schaudinn’s statements regarding the pathogenicity of E Imtolyiica, 
and the non-pathogenicity of E coh to these animals At that time I 
suggested that the ameba concerned in the causation of dysentery be 
named Entamoeba dysentenae, but as the name dysenteiiae was after- 
ward shown by Stiles^ to be merely a synonym of coh, I adopted Schau- 
dinn's name histolytica for this parasite 

Hartmann,^ in 1906, confirmed Schaudinn^s classification of the 
intestinal entamebas of man, but for several years the distinction between 
E coh and E histolytica was disputed by most authorities, largely owing 

* From the U S Army Central Department Laboratory 

* Submitted for publication Jan 8, 1914 

1 Scbaudinn, F Arb a d k Gsndhtsamte, 1003, 547 

2 Craig, Charles F Am Med, 1905, i'^, 854, 897, 937 

3 Stiles C W Proc Am Public Health Assn , 1905, a-av, 292 

4 Hartmann, M Arch f Protistenk , 1909, Ann, 207 
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to the observations of Mnsgrave and Clegg® on the amebas they secure' 
on artificial culture-mediums and their conclusion that these ameba 
were identical with those found parasitic in the intestine of man, am 
^^thai all amebas are or may become pathogenic ” 

In 1907, Viereck® described a species of ameba observed in certau 
cases of dysentery which diffeied markedly from the original descriptio: 
of if' Imtolyiica and which he regarded as a new species, naming i 
Entamoeba tetragena His observations weie confirmed by Hartmann, 
Werner,® Bailing,® 'Whitmore,^® and myself, but further study has showi 
that in reality E tetragena is identical with E histolytica^ a portion o 
the life cycle of the latter parasite having been erroneously descnbei 
by Schaudinn, Hartmann and myself, as well as by others 

Walker^^ was actually the first to point out that E tetragena i 
identical with E histolytica, and all of the work that has been aecom 
plished by other investigators since his paper appeared has simply bee: 
confirmatoiy of his conclusions, and at present all students of the sub 3 eci 
who have had sufficient material on which to work, are agreed that tw( 
well-defined species of entamebas occur in the intestine of man, E his 
tolyhca and E coli The first is the cause of amebic dysentery, while th' 
second is a harmless commensal, occurring in the intestines of a varying 
percentage of individuals, in both health and disease, in almost ever 
part of the world 

In 1905 and later, I stated^" that the parasitic amebas of man ha( 
not been cultivated, nor could they be cultivated, on the ordinary culture 
mediums employed by those who claimed to have cultivated these organ 
isms from the feces or othei material, and this statement has been amph 
confirmed by nearly every subsequent investigator At present there ii 
no adequate proof that a single species of entameba has ever been culti 
vated on any artificial medium A few observers still claim that tin 
amebas that they have succeeded in cultivating are identical with tin 
entamebas of the human intestine but their claims have been refuted b] 
many investigators and it has been conclusively shown that the ameba: 
so cultivated are entirely distinct from the entamebas of man, and havt 
nothing to do with the production of dysentery 

6 Musgrave, W E , and Clegg, M T Eep Bur Govt Lab , Biol Lab 
Manila, 1904, No 18 

6 Viereck, H. Arcb f Sclnfifs u Tropen-Hyg, 1907, xi, 1 

7 Hartmann, M Arch f Protistenk, 1912, x\iv, 163 

S Werner, H Indian Med Gaz 1909, xliv, 241 

9 Darling, S T Jour Trop Med , 1912, xv, 1 

10 Whitmore, E Arch f Protistenk , 1911, xxiii, 7 

11 Walker, E L Philippine Jour Sc , Sec B, 1911, vi, 259 

12 Craig, Charles F Am Med, 1905, ix, 854, 897, 937, Jour Infect Dis , 
1908, V, 324, The Parasitic Amebae of Man, Philadelphia, 1911, p 58, Jour 
Infect Dis , 1913, xiii, 1 
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Since 1905 I have consistently maintained the specificity of D his- 
tolytica and E coli, and in my fiist paper, and since, have insisted that 
it IS possible to differentiate these two species in material containing 
them I have also proved that neither of these parasites can be cultivated 
on ordinary culture-mediums, and that, while E histolytica, when fed 
to kittens or in]ected into the rectum, produces typical amebic dysentery 
and even liver abscesses, E coh is harmless to them Many observers 
have confirmed my conclusions, but the recent publication of Walker 
and Sellards^^® experimental work on man with both cultural and para- 
sitic amebas definitely proves every point for which I have contended for 
years They have shown conclusively that the amebas that can be cul- 
tivated from water, from the feces of man and other animals and from 
other sources, aie incapable, when ingested, of producing the symptoms 
or lesions of dysentery in man, and that they are not entamebas but free- 
living amebas, having nothmg to do with the production of dysentery and 
unable to live as parasites in man They have also proved beyond dispute 
that E histoUjtica and E coh aie distinct species, and that when fed to 
man, E histolytica produces the symptoms and lesions of amebic dysen- 
tery, while E coll, though a parasitic species, is harmless 

While all of the essential points covered in this paper have been 
previously proved by experimentation on the lower animals, the results 
obtamed by Walker and Sellards possess the very great advantage of 
having been worked out on man, the natural host of histolytica and coh, 
and, m my opinion, settle for all time the question of the relation of 
parasitic and cultural amebas to disease m man 

THE IlIPOETANCE OF DIFFERENTIATING E HISTOLYTICA AND E COLI 

In discussing the importance of differentiatmg between E histolytica 
and E coh, Walker^^ states that such differentiation is possible from a 
study of the morphology and life-cycle of these parasites, an opinion 
which I have constantly advocated, and which has been steadily gaining 
ground among students of the subject since the paper of Schaudinn first 
appeared, although some investigators, m their writings, have given the 
impression that such a differential diagnosis is a matter of the very 
greatest difficulty, only to be attempted by a protozoologist While I 
would be the last to state that these parasites can be differentiated by one 
with little or no experience in the study of intestinal protozoa, I do 
believe that the study of a few suitable cases of infection should enable 
one to differentiate the common intestinal entamebas of man Eeeent 
researches have shown that there are but two species of importance 

13 Walker, E L, and Sellards, A W Philippine Jour Sc, Sec B 1913, 
MU, 263 

14 Walker, E L Philippine Jour Sc, Sec B 1911 vi, 259 
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occurriBg in mail and I am convinced that any one trained in the use of 
the microscope and in the study of the common bacteria and protozoa of 
man should have no difficulty in recognizing E histolytica or E coli 
The importance of differentiating these parasites can hardly be over- 
estimated, and attention ivas called to it in my first paper published in 
1905 Our statistics regarding the occurrence of amebic dysentery are 
very largely valueless because but little effort has been made to identify 
the species of entameba present, numberless infections with E coli being 
mistaken for infections with E histolytica and diagnosed as amebic 
dysentery, whether symptoms were present or not In fact, some prac- 
titioners have gone so far as actually to treat for amebic dysentery every 
person showing an ameba in the feces, even in the absence of any effort 
to identify the ameba present, and very wonderful records of successful 
treatment of this disease have been thus built up on mistaken diagnoses 
The mere finding of an ameba in the feces means nothing unless the 
species be identified, and at present a diagnosis of entamebic dysentery 
based on anything else than the identification of the entameba present as 
E histolytica IS not only unscientific but un]ustifiable 

It IS now well Icnown that E histolytica may live in the intestine of 
man for weeks, or even months, before symptoms of its presence are 
noticed Persons thus harboring the parasite are efficient “carriers” of 
the infection, and undoubtedly are largely responsible for the spread of 
the disease The great importance of the recognition of such infections 
IS evident, and to recognize them it is necessary to be able to differentiate 
this entameba from the harmless E coli, so commonly present in most 
tropical and subtropical regions in healthy persons The importance of 
the discovery of these “carriers” emphasizes the great value of a routine 
examination of the feces of people living in regions in which entamebic 
dysentery is endemic, even when no symptoms of intestinal disease are 
present, and may be compared with the importance of the examination 
of the blood of both healthy and diseased persons in malarial regions in 
the prophylaxis of that disease Not only will the carriers of the infec- 
tion thus be recognized, but treatment can be instituted when it will 
prove most efficient, that is, before severe lesions have been produced in 
the mtestine 

The diSeiential diagnosis of E histolytica and E coli depends on a 
careful study of the morphology and life-cycle of these parasites both in 
the living condition and in properly stained preparations While I 
believe that one trained in the study of these organisms can differentiate 
them m the livmg condition, it is always best to confirm such a diagnosis 
by the study of a stained preparation The methods given in the follow- 
ing section are those I have found most useful in my own work and all of 
them can be followed by anyone trained in laboratory technic T have 
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not endeavored to give a large number of methods of staming, as I have 
found that it is mnch better to perfect oneself m one or two methods 
rather than to try to master all that may have been recommended 

TECHNIC 

The intestinal entamebas of man may be studied either m the livmg 
condition or in stained preparations^ and with either method of exam- 
ination a differential diagnosis between E histolytica and E coh can be 
made The study of the living parasites has been sadly neglected by 
some protozoologists, largely because of lack of material, and I am firmly 
of the opinion that this neglect has led to many mistakes in the inter- 
pretation of vital phenomena because of the great reliance these author- 
ities have placed on the morphology of the stained entamebas Indeed, 
some investigators have gone so far as to state that these parasites should 
only be studied in stamed preparations, a statement which appears 
absurd to one who has had the opportunity of studymg many living 
preparations, for it is 3ust as easy to differentiate these parasites in the 
living condition as when stained, if one has had sufBcient experience 

While, as I have already stated, it is always well to confirm one’s 
species diagnosis by stamed specimens, I am satisfied that in most cases 
a diagnosis of E histolytica or E coli can be made without recourse to 
stammg the organisms and that this is the best and simplest method of 
diagnosmg all types of mtestmal infection with entamebas 

Pre-paration of lAvtng Specimens — ^In examining feces for living entamebas 
a small portion of a freslily passed stool is picked up with a platinum loop, 
placed on a microscopic slide, covered with a cover-glass, and gentle pressure 
exercised imtil the material is evenly spread Care should he taken not to make 
too thick a preparation and several should be examined before a negative result 
is reported I have repeatedly found a few entamebas in the ninth or tenth 
preparation examined, and sometimes I have had to examine as many as fifteen 
preparations before entamebas were discovered 

The feces may be examined in the normal condition, that is, without pre- 
vious purgation, or a purgative may be admmistered before the examination 
In my own experience I have obtained the best results after the administration 
of a purgative, especially in the demonstration of infections with E colt, but 
Walker^ advocates the examination of stools without previous purgation, because 
ot the greater ease with which a diflferential diagnosis between E histolytica and 
E colt may be made This has not been my experience and I would recommend 
the administration of a salme cathartic before the examination in all cases In 
which the stools are well formed If partially formed or formed stools are to 
be examined it is necessary to dilute a small portion of the feces with normal 
salt solution or the preparation will be too opaque for examination 

It 18 always best to examme the feces immediately after passage for in such 
specimens the vegetative stages of the parasites, if present, are motile and there- 
fore easily recognized Many authorities have stated that the diagnosis of an 
entamebic infection should never be made unless the entamebas are observed in 
a motile condition, but such advice is pernicious, m that it would result in over- 
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looking all latent and clironic infections in wliicli tlic entamebas are encysted 
and, of course, motionless As the recognition of the latent cases or “earners” 
IS of the greatest practical importance from a prophylactic point of view, it 
can be easily understood that such a statement might lesult in great harm as 
a matter of fact, to one who has had sufficient experience in the study of these 
parasites, it is ]ust as easy to recognize a non-motile entameba as a motile one, 
provided degenerative changes have not occurred, and, as the cysts of entamebas 
persist unchanged for several hours in the feces, one may demonstrate them in 
material that has been collected for some time In fact, in the tropics and sub 
tropics, I have often observed motile entamebas in feces that had been kept at 
room temperatuie for several hours 

If the feces aie to be transported for any distance before the examination is 
made, they should be placed in a warm vacuum bottle or similar receptacle No 
disinfectant should be mixed with stools that are to be examined for entamebas 

After preparing the specimen for examination as directed, the coi er glass 
should be ringed with petrolatum, and the specimen examined first u ith a % inch 
objective and a 1 incli eje piece, and later with the 142 inch oil-immersion objec 
tive If one is experienced in the examination of feces for entamebas much time 
will be saved by going over the specimen with the % inch objectiie and 1-inch 
eye piece, picking out the suspicious objects, and then examining them with the 
higher power objectives, but considerable experience is required to recognize 
the entamebas with the lower-power lens mentioned 

If the preparation contains motile entamebas, they are generally easily recog 
nized even by one having little or no experience in the study of these organisms, 
hut the non motile, precystic and encysted forms, wdiile very distinctly e to an 
experienced observer, may be easily confused by the inexperienced with other 
bodies occurring in the feces Attention to a few simple points, howeier, null 
serve to distinguish entamebas fiom other objects found in the feces In the 
resting stage these parasites are larger than pus cells or protozoa that could be 
confused with them, are more refractive in appearance, and are characterized by 
a nucleus which is small in size when compared with the nucleus of other cells, 
and which consists of a very refractive ring of minute granules enclosing a homo 
geneous substance If blood is present in the feces the red blood corpuscles are 
often observed within E histolytica and this seiies at once to distinguish this 
parasite from other cells or protozoa 

When the entamebas are encysted they ore larger than the cysts of other 
intestinal protozoa, are spherical or oval in shape, very lefractiye, and possess 
a distinct cyst-wall From two to eight or more nuclei are present within the 
cyst It IS comparatively easy to distinguish the cysts of E histolytica from 
those of E coll, as will be explained later 

The use of a warm stage or an incubator for holding the microscope is not 
necessary unless one desires to study the life cycle of entamebas while living, when 
some apparatus that will keep the organisms at body temperature is absolutely 
necessary Much may be learned regarding their vital activities from the study 
of living entamebas in this manner 

Preparation of Stained Specimens — ^In structure the entamebas are very deli- 
cate organisms and it is undoubtedly true that any method of fixing and stain- 
ing them will cause some distortion and morphological change, so that it is essen- 
tial, if one desires the best results, to select staining methods that have been 
found to produce the least artificial change in the morphology of the parasites 

In 1905 I recommended*” the use of Wright’s stain, after dry fixation, as a 
useful clinical method of differentiating E histolytica from E colt, and my 
observations regarding the use of this modification of the Romanowsky stain have 
since been confirmed by James,” who has secured excellent results by double stain- 


16 Craig, Charles E Am Med , 1905, ix, 854, 897, 937 

17 James, W M New York Med Jour, 1913, xcvii, 702 
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ing -vvitli Hastings’ and Giemsa’s stains While these stains, however, preceded 
by dry fixation, will suffice for the differential diagnosis of these parasites, much 
better results, as regards morphological detail, are seemed by wet fixation, fol- 
lowed by one of the hematoxylin stains, and as some of these methods are but 
little more difficult of application than the modifications of the Romanowsky 
stain, I believe that they should be generally adopted when stained preparations 
of the entamebas are to be studied 

To prevent alteration in morphology at any stage of fixation or staining rapid 
handling and the use of the process of wet fixation aie necessary, as drying 
maikedly distorts the nuclear structure of the entamebas on which a consider- 
able part of our differential diagnosis depends 

I believe that it is much better to make the smears of the material to be 
examined on micioscopic slides, although some authorities prefer cover-glasses 
The slides are easiei to handle and a much larger smear may be made, thus 
increasing the chances of finding well-stained entamebas Some form of jar 
should be used in which to place the various solutions used m the piocess of 
fixing and staining, to which the preparations are transferied duiing staining, 
and for this purpose I have found the Coplin staining jar, which may be obtained 
from any dealer in microscopical goods, an excellent one 

The same directions should he followed in selecting mateiial fiom the feces 
to be stained for entamebas as have been already described for making living 
preparations, but the smear must be made very lapidly and placed immediately 
in the fixing solution, to prevent drying, ivhich, as remarked, will render it use- 
less The material may be smeared in various ways but I have found that the 
simplest method is to place a small portion of the mateiial to be examined neai 
one end of the slide, and then to draw it forward over the slide with the end of 
another slide applied nearly at right angles to the slide containing the material 
A little practice will be found necessary before thin, even smeais are obtained, 
but the method is much better than rubbing the material over the slide with a 
platinum loop 

The chaiacter of the material examined has much to do with the success of 
smeaiing with a slide, for if much mucus be present it will be found impossible 
to spread it evenly in this manner, and then it will be necessaiy to use the 
platinum loop If the feces are of solid consistence, an emulsion of a poition 
should be made with normal salt solution, and this emulsion used for making 
the smears James recommends making the smears with a camel’s hair brush 
and this is an excellent method if little mucus is present When the entamebas 
are few in the material to be examined, as determined by a prehniinary micro 
scopic examination, a portion may be diluted with warm normal salt solution, 
centrifuged, and smears then made from the sediment 

The most important points to bear in mind in making the smears are that 
they should be as thin as possible and that they should be placed in the fixing 
solution immediately 

Fixing the Preparations — Many solutions have been recommended for fixing 
entamebas, but I have found that Schaudinn’s sublimate alcohol mixture ansu ers 
every requirement and is a suitable mixture for use with any of the hematoxylin 
stains 

This mixture consists of two parts of a saturated solution of mercuric chlorid 
in normal salt solution, and one part of absolute alcohol The mercuric chlorid 
solution IS made by adding the mercury to boiling normal salt solution until 
saturation occurs This may be kept indefinitely as a stock solution 

The mixture with the alcohol is made just before use and should be kept at 
the body temperature during the fixing process The addition of 3 per cent of 
glacial acetic acid improves the fixing qualities of the solution, but is not 
necessary 

Immediately after the smears are made they are immersed in this fixing fluid, 
winch is heated to 37 C (98 6 F ), and fixed for fixe minutes Thex are then 
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transferred to jars containing various strengths of alcohol in the manner indi- 
cated in the following scheme 

In sublimate alcohol, at 37 C for five minutes, 60 per cent alcohol for five 
minutes, again in 50 per cent alcohol for five minutes, 70 per cent alcohol for 
fifteen minutes, lodin alcohol (alcohol to which enough tincture of lodin has 
been added to produce a brown color) thirty minutes, 70 per cent alcohol, until 
the yellow color given hy the lodin disappears, 95 per cent alcohol, thirty min- 
utes, absolute alcohol, fifteen minutes, 80 per cent alcohol, five minutes, 60 
per cent alcohol, ten minutes, and finally in distilled -nater, where they may be 
kept until stained 

The entire process should he carried out in staining jars and only a few 
preparations handled at a time , 

While the preceding process may seem complicated, it will not he found so 
in practice and the time consumed will be amply repaid by the excellent results 
obtained The preparations must be carried rapidly from one solution to another 
as at no time must drying occur 

Stavnxng the Preparations — After the smears ha\e remained in distilled 
water for ten minutes or longer they are ready for staimng and the method 
selected will depend largely on the experience of the observer I have found 
that the ferric chlorid hematoxylin stain of Mallory gives excellent results, and 
this IS the method I would recommend for routine work This stain and the 
method of applying it were first brought to my attention in the study of the 
entamebas by Dr W M James of Ancon, and I have found both most valuable 
in the differentiation of D histolytica arvi E colt In the following (Dr James’) 
method of staining, as in fixing, the greatest care must be taken that the smears 
do not dry at any stage of the staining process 

1 Having washed the preparations thoroughly in distilled water, place them 
on glass rods arranged over a large dish or jar, and pour over them a Iff per 
cent aqueous solution of feme chlorid, so that the preparation is flooded This 
IS the mordant and should be allowed to remain on the preparations for from 
ten to fifteen minutes 

2 Dram the preparations, one by one, and pour over them at once a d per 
cent aqueous solution of hematoxylin, prepared by dissolving hematoxylin crys 
tals in boiling distilled water until the mixture is cherry-red The hematoxylin 
solution should be freshly prepared and just warm to the hand when used As 
soon as the hematoxylin is added the mixture becomes black and the smear 
disappears from view, but enough hematoxylin should be added to render the 
smear just visible through the brownish-yellow solution covering it The prepa- 
rations are now allowed to stain for from five to ten minutes 

3 Wash the preparations thoroughly in distilled water by pouring a consider- 
able amount over the smears or by placing them in at least two changes of dis- 
tilled water contained in a staining jar 

4 Decolorize in a 0 5 per cent ferric chlorid solution, the decoloration being 
controlled by microscopic examination When the majority of the entamebas 
show a well defined nucleus having a distinct membrane and contamng chromatin 
granules, decoloration has reached the proper point and should be stopped This 
IS accomplished by washing in distilled water If the preparations are very 
thick it will be necessary to use a 1 per cent solution of ferric chlorid in 
decolorizing 

5 After decolorization, the preparations are rinsed in distilled water, washed 
m runmng tap water for fifteen minutes, dehydrated in 96 per cent and absolute 
alcohol, cleared in xylol, and mounted in acid-free xylol balsam If desired, the 
preparations may be left in water for several hours, and they should remain in 
each of the alcohols for at least fifteen minutes 
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While the preceding stain gives excellent results and is all that is 
necessary in routine work, more nearly perfect results, as regards the 
differentiation of nuclear structure, may be secured with the iion- 
hematoxylin method of Heidenhain This method of enabling the mor- 
phology of protozoa to be studied has never been surpassed, but it 
requires considerable technical ability and experience before good results 
are obtamed 

Two solutions are used in this method which is, in brief, the following 

Solution 1 

A 2 5 per cent solution of iron alum ( Ferric ammonium sulphate ) 

Solution 2 

Hematoxylin crystals 1 gm 

Absolute alcohol 10 gm 

Distilled water 90 gm 

The hematoxylin is dissolved by heat in the water and the alcohol added when 
the mixture is cold, after which it is placed in a dark glass bottle lightly corked 
with cotton, and allowed to ripen for a month or six weeks, at the end of which 
time it 18 tightly corked and ready for use 

Method of Using — After fixing, as described, in sublimate-alcohol solution, 
the preparations are thoroughly washed in distilled water, and placed in Solu- 
tion 1 for from eight to ten hours or over night, they are then rinsed in dis- 
tilled water and placed in Solution 2, where they should remain for from twenty- 

four to forty-eight hours, after which they are rinsed, one by one, in distilled 

water, and placed again in Solution 1 When this is done dense black clouds 
come from the preparation but in from three to four minutes these almost dis- 
appear and only slightly blackish clouds are formed When this point is reached 
the preparations should be washed in distilled water, and placed in a jar contain- 
ing tap-water The preparation should now be examined by mounting it in water 
with a cover-glass and using a high-power dry lens ( a % or % ) and a l-mch eye- 
piece If the entamebas show a clearly defined nucleus containing chromatin 
granules, the decolorization has been sufficient, but if not, the preparation is 
again washed in distilled water, placed in Solution 1 for a second or two, then 
mounted with a cover-glass in Solution 1 and examined under the microscope 
As soon as the entamebas show a well-defined nucleus, the specimen should be 
rinsed in distilled water, dehydrated for ten minutes each in 60, 70 and 80 per 
cent alcohol, in 95 per cent alcohol for fifteen minutes, and in absolute alcohol 
for twenty minutes, cleared in xylol and mounted in acid-free xylol balsam 

While the Heidenhain stain is most reliable in experienced hands, I 
am of the opinion that more mistakes have been made in the mterpreta- 
tion of the morphology of entamebas stained in this manner than with 
any other stain that has been used for this purpose It is very easy to 
carry the process of decolorization too far, and to make the nucleus of 
E coll resemble that of E histolytica and I have repeatedly observed mis- 
takes made by the best protozoologists in diagnosmg between these 
species in preparations stained by the iron-hematoxylin method Tor 
this reason the Heidenhain method is not so generally useful as the 
Mallory stain, foi while some experience is required, even in the use of 
the latter stain, it is not so difficult to manipulate and, to secure good 
lesults, requires much less experience in its use 
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It should be remembered, however, that no staining method is as 
useful in diagnosis as the examination of the living parasites, and while 
such methods are absolutely essential foi the study of the minute mor- 
phology and reproductive cycle of the entamebas they are not essential 
either in the differentiation of E coh and E histolyUca or in the clinical 
diagnosis of entamebic infection 

When entamebas are well stained, by either of the methods here men- 
tioned, the cytoplasm is of a grayish color, while the nucleus is well 
defined, the nuclear membrane and cliiomatinic granules being stained a 
jet black The entamebas may be confused, when stained, with other 
protozoa occurring in the feces or with animal oi vegetable cells It is 
seldom diBhcult for one who has had experience in the study of these 
parasites to differentiate them fiom other organisms oi cells, and the 
cysts are very characteristic, by reason of their multiple nuclei Theie 
are some vegetable cells having two or more nuclei that aie often con- 
fusing to the inexperienced, being mistaken foi the cysts of entamebas, 
but leferenee to the descriptions of the moiphology of the tiue entamebic 
cysts should prevent such confusion Certain piotozoa, as Tiichomonas 
homims, Lamhha mUshnahs and Balaniidmm coh might be confused 
with the intestinal entamebas at certain stages in their development, but 
such a mistake could be made only by one having a very superficial laiowl- 
edge of protozoology The BlastocysUs homims, a vegetable cell of 
uncertain origin, has frequently been mistaken foi encysted entamebas, 
but differs greatly in morphology, only a small poition of the cell being 
occupied by the cytoplasm, which contains a few granules of material 
giving the staining reaction of chromatin 

A consideiable number of pages might be written describing in detail 
the bodies of various kinds that may be confused with the intestinal 
entamebas, but only experience in this line of work will prevent mistakes, 
and this is better gained by the study of actual pieparations than by 
reading about diffeiential details 

THE DIEEERENTIAL DIAGNOSIS OF E HISTOLYTICA AND E COLI 

The most recent observations on the intestinal entamebas have 
apparently proved that they pass through at least three distmct stages in 
their life-cycle when morphological changes occur of such importance 
that, unless one is well aware of them, grave errors may follow in their 
inteipretation, and the species thus be confused This has been proved 
by the number of years that elapsed before it was recognized that the 
so-called E tetragena is actually but one stage in the development of 
B histolytica, this being entirely due to false interpretation of the mor- 
phology and life-cycle of the parasite The slavish insistence by some 
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protozoologists on the absolute value of nuclear structure in the diSer- 
entiation of the entamehas has been largely responsible for the mistakes 
that have been made in the study of these parasites, and it is questionable 
whether our knowledge has been advanced or delayed by the studies of 
the morphologists who have devoted their energies to the study of 
stained entamehas, instead of the living organisms 

VVlien one remembers that slight variations in the technic of staining 
may cause the nucleus of E coli to resemble so closely that of E histo- 
lytica that the most expeit protozoologists have been misled and have 
diagnosed one for the other, it will be easily understood how difficult it is 
for those having but a limited experience to differentiate species by the 
use of stained preparations 

The fact remains, that after over ten years of study of the intestinal 
entamehas by numerous protozoologists, we are now, so far as species 
are concerned, just about where we were immediately after the publica- 
tion of Schaudmffis paper While many new species have been desciibed, 
and additions, important from a morphological point of view, have been 
made to our knowledge, we must admit that, at present, only two species 
of entameba have been actually proved to exist in the intestine of man, 
and these are the two species described by Schaudinn We have heard, 
to adapt Omar 

gieat argument 

About it and about but, evermore. 

Came out by the same dooi as in we went 

It IS true, however, that in propeily stained preparations there are 
generally distinct diffeiences in the appearance of the nucleus of E liis- 
tolytica and E coli, that are sufficient to allow the experienced obseiver 
to distinguish them, while the cysts are quite characteristic for each 
species Moi cover, it is possible to differentiate them in the living con- 
dition, and this is undoubtedly the pieferable method for the clinician 
It should be understood that the morphology of these parasites vanes 
greatly with the character of the feces containing them, and, theiefore, 
with the clinical chaiacter of the infection, in the case of E hi-stolyUca 
The morphology of the lattei species in cases of acute dysentery is quite 
diffeient from that present in the subacute and chrome infections, so 
that it becomes necessary to describe the morphology of these parasites 
as related to the clinical course of the infection 

Toi convenience of description I shall consider the differentiation of 
E Instolytica and E coh during the vegetative, precystic and c}stic 
stages of development, in both living and stained preparations, indicating 
in the description the clinical chaiacter of the infection present at each 
stage of development, in the case of E Instolytxca 
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THE DIEEERENTIATION OE E HISTOLYTICA AND E COLI IN THE VEGETA- 
TIVE STAGE OE DEVELOPMENT 

The morphology of these parasites varies greatly during the vegeta- 
tive stage of development, being most typical when the feces are liquid in 
character, and, in the case of E ImtolyUca, when the most acute symp- 
toms of dysentery are present When the feces are semisolid in con- 
sistence, as m acute dysentery improving under appropriate tieatment, 
the morphology of this species is that described for the vegetative stage of 
tetragena or the so-called precystic stage, while in the acute exacerba- 
tions that occur in chronic entamehic dysentery, the nucleus of E his- 
tolytica IS typical of the tetiagena type of nucleus 

DIEEERENTIATION OE THE LIVING ENTAMEBAS 

As I have stated, E histolytica and E coli may be distinguished in 
the living condition and this will be found the best method in ordinal y 
practice 

Size — It IS impossible to differentiate the two species from the sizo 
of the organisms, for while E histolytica, in the vegetative stage of 
development, is generally larger than E coli, individuals of the latter 
species are observed that are fully as large as the average histolytica, and 
in the subacute types of dysentery E histolytica may even average 
smaller than E coli It is when acute symptoms of dysentery are present 
that E histolytica attains its largest size, measuring sometimes as much 
as 80 microns m the long diameter, when moving, but the average meas- 
urement IS from 35 to 40 microns in diameter, when motionless The 
measurement of E coli is from 15 to 50 microns m diameter, but, as a 
rule, this species does not exceed 35 microns, although I have observed 
specimens measuring as much as 60 microns in diameter 

Shape — E histolytica is much more actively motile than E coli, and, 
for this reason, varies more in shape when observed in freshly passed 
specimens of feces While the latter is generally spheiical or irregularly 
oval in shape, E histolytica may be much elongated, finger-shaped, or 
very irregular, owing to its marked motility Shape is of very little 
value, however, in the differentiation of the two species 

Motility — In freshly voided feces E histolytica is very actively 
motile when compared with E coli, and this is a most valuable means of 
distinguishing them under the condition mentioned, for I have never 
observed a specimen of the latter species that approached in motility the 
commonly observed specimens of E histolytica In histolytica, motion 
IS generally progressive in character, while in coli it often consists only 
in the sending out and withdrawal of pseudopodia unaccompanied by 
progressive motility Even when progressive motion is observed in 
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E coh it IS sluggish lu character, and very easily distinguished from the 
motion of E lixstolytica when the two species are observed side by side 
In my paper published in 1905^® I called attention to the great value of 
motility in distmguishing between these two parasites, and in 1908^° 
stated that "the motility alone will serve to distinguish these organisms, 
if both be observed m freshly voided feces , for it will mvariably be found 
that the amebas exhibitmg the most active form of motility will present 
morphological features which show that they belong to the pathogenic 
species This opinion I still hold, and it is now held by most investi- 
gators who have carefully studied the living organisms 

Cytoplasm — The cytoplasm of E ImiolyUca is divided into two well- 
defined portions, the ectoplasm and the endoplasm The distinction 
between the two is most marked when the parasite is moving, the glass- 
like ectoplasm m the advancing pseudopodium being very clearly defined 
from the more granular and gra 3 rish endoplasm, but even m the motion- 
less entameba there is frequently visible a narrow rim of clear ectoplasm 
The ectoplasm is hyaline and glass-like m appearance while the endo- 
plasm IS granular or alveolar in structure and much less retractile 
Vacuoles are often absent in organisms observed m freshly voided feces, 
but appear in the cytoplasm as the feces become cold The clear, hyaline, 
homogeneous-appearing ectoplasm of this species is very characteristic 
and furnishes one of the most valuable differential features between it 
and E coh, as they are observed in the livmg condition 

The cytoplasm in E coh is also divided into an ectoplasm and endo- 
plasm, but the two portions are poorly defined when compared with 
E TixstolyUca The ectoplasm of E coh, while distmguishable in the 
moving organism, does not present the clear glass-l±e appearance of that 
of E histolytica, but approaches very closely to the endoplasm in appear- 
ance, and gradually merges with it, mstead of presenting the well-marked 
line of demarcation between the two portions almost always observed in 
histolytica In most instances the endoplasm of E coh contains one or 
more vacuoles, although not infrequently specimens are observed that are 
flee from vacuoles. 

To one who has had considerable experience m the study of these 
parasites in the living condition, the differences in the appearance of 
the ectoplasm and endoplasm are alone sufficient to distinguish the two 
species 

Phagocytosis of Erythrocytes — ^In my early papers^® I called atten- 
tion to the facts that E histolytica was actively phagocj’tie for red blood- 

18 Craig, Charles F Am Med , 1905, ix, 864, 897, 937 

19 Craig, Charles F Jour Infect Dis , 1908, v, 324 

20 Craig, Charles F Am Med, 1905, ix, 854, 897, 937, Intemat CIm , 1905, 
Series 14, iv, p 242, Jour Infect Dis , 1908, v, 324 
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corpuscles, while E ooh was only rarely observed to contain them, and 
that this was a very valuable means of distinguishmg the two species 
This observation has been confirmed by almost every investigator who 
has studied these parasites in the living condition, and while the absence 
of eiythrocytes from the cytoplasm of an entameba is of no diagnostic 
impoitance, their presence in any number in an entameba observed in 
feces IS absolute proof that we aie dealing with E histolytica In feces 
containing blood, specimens of histolytica are frequently observed con- 
taining erythrocytes, sometimes being absolutely filled with them, while 
in the same feces, specimens of E coli aie generally entirely free from 
erythrocytes, and, at most, contain but one or two This fact is very 
useful in differentiating the species, and James, in an ^unpublished 
article, the manuscript of which he kindly sent me, says, regarding the 
phagocytosis of erythrocytes by these parasites 

In mixed infections I have often observed erjthrocytcs in varying quantities 
in the interior of the pathogenic oiganisms, but I found them rarely within the 
coincident E coh, and then only one or two at a time Absence of erjthrocytes 
from the endoplasm is not of any paiticular value in differentiation, but their 
presence in any quantity is a certain indication of a pathogenic species 

It Will thus be seen that James, who has had an extensive experience 
in the study of these parasites on the Isthmus of Panama, confirms all 
that I have previously claimed regarding the importance of this phe- 
nomenon in the entameba A good clinical rule to follow, therefore, is 
that an entameba occurring in a dysenteiic stool and containing eiythro- 
cytes should be regarded as E histolytica 

The Nucleus — The characteristics of size, shape and division into 
ectoplasm and endoplasm are similar for E histolytica as observed in the 
feces from acute dysentery cases and during the acute exacerbations in 
the chronic stage of the disease, but this is not true of the appearance 
of the nucleus, in either fresh or stained pieparations It was the non- 
lecognition of this fact that led to the description of the so-called 
E tetiagena as a new species, when, in reality, one stage in the develop- 
ment of E histolytica was being observed "We now know that the 
nuclear structure of this species may lury, at various stages in the life- 
history, from that typical of histolytica, as described by Schaudinn to 
that typical of tetragena, as described by A^iereck and Hartmann, this 
variation being accompanied by definite changes in the clinical picture 
of infection with this species When the disease is in the most acute 
stage, E histolytica presents the typical histolytica type of nucleus, while 
in the subacute stage, and during the acute exacerbations of the infec- 
tion in chronic cases, the tetragena type of nucleus is present As the 
latter type of nucleus approaches that of E coll morphologically, it is 
most important to differentiate it from the latter, and this is possible 
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m siained pieparations, but m In mg organisms the diffeientiation of 
the two species must be made on othei fcatuies than the stiuctuie of the 
nucleus^ when the teimgena type is present 

In acute cases of dysenteiy the nucleus of E Imiohjtica is usually 
invisible, and, when visible, consists only of a veiy delicate, lefiactile 
ling representing the nucleai membiane, containing within it one 
01 moie refiactile gianules, lepresentiiig the chiomatin In the vast 
majority of instances the nucleus of this species is invisible in cases 
piesenting acute symptoms of dysentery, thus distinguishing it from 
E coh, ill which the nucleus is almost invaiiably visible in the living 
paiasite 

The nucleus of E coh consists of a well-defined iing of refiactile 
gianules, containing within it either scattered lefiactile gianules, oi a 
icfractile mass neai the centei lepiesenting the karyosome It is much 
laigei than the nucleus of E histolytica and can be seen with but little 
difficulty in either the motile or the imniotile entaniebas 

In E histolytica the nucleus is geneially situated near the peiipheiy 
of the organism and changes its position rapidly with the movements of 
the ectoplasm oi endoplasm, while in E coh the nucleus is more central 
in position, and, owing to the slight motility of this species, it tends to 
remain stationaiy in the endoplasm 

111 the subacute and eaily chionic cases of dysenteiy, however, when 
the nucleus of E ImtolyUca is of the tetiagena type, it is also almost 
always visible, having a well-defined nuclear membrane consisting of a 
ling of lefiactile granules, while within it there is considerable chiomatin 
in the form of refiactile granules oi masses In my opinion, one would 
have to be vei}^ confident in his ability to differentiate minute moi- 
phology to assert that the nucleus of E histolytica could be diffeientiated 
from that of E coli in living oiganisms, when the tetiagena type of 
nucleus is pieseiit At this time the diffei entiation of the two species 
must lest on other data, as I have stated 

From what has been said it is evident that the differentiation of 
E histolytica and E coh, in the living condition and duiing the vegeta- 
tive stage of existence, depends on several factois, the most important 
being motilit}", character of tlie ectoplasm and the endoplasm, and the 
phagocytosis of ei3dhiocytes In making such a diffei entiation I belieie 
that an}' entanieba occuiiing in the intestinal tiact of man po^^e^^ing 
actne niotilit}' of piogies^ne chaiactei, liaMiig a well-differentiated 
ectoplasm and endoplasm, and containing ci}thiocite= ma} unhc'^itat- 
inly be diagnosed as E hisiohjtica , vhile an entanieba liaMiisr but fimr- 
gisli motilit}', slight diffeientiation of the ectoplasm and endoplasm and 
no ei}thioc}tes in the endoplasm vlien the feces contain blood mai be 
coiiectly regarded O': E coh I nii'^elf voiild not hesitate to make a 
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diagnosis of E Mstohjiica ivlien the feces contain eiitamebas nith eij- 
thiocYtes within ilicin, and I believe tliat tins is a safe clinical iiile to 
adopt 

DIFFERENTIATIOiNr IK STAINED PREPARATIONS 

The difFeientiation of E Instohjixca and E coli in stained picpaia- 
tions, duiing the vegetatne stage of dcvelopinent depends entiiel)' on 
the inoiphology of the nucleus and on the piesence of eiythiocjtes niiinn 
the cytoplasm Ifeitliei shape noi the ‘Ji/e neither the piesence oi niini- 
bei of vacuoles nor the distinction between ectoplasm and endoplasm is 
of the least value in the diffeientiation of the specie'^ in piepaiations 
stained in the maniiei dcsciibed in this contiibution 

As in the living specimen, the piesence of led hlood-coipuscles ■\\ithin 
the endoplasm is sufHeient to ditleientiate E Msiolyiica fiom E coh, but 
leiy fiequently the feces do not contain blood and m such instances 
difCeientiation must depend entiiely on the stiiictuie of the nucleus 
This can he done in pioperly stained piepaiations !)> one cxpeiienced 
in the study of the piotozoa hut, unless this is tine, it is mucli nioie 
safe to lelj on the diffeiences in the moiphology of the living paiasites 
111 diffeientiating the tiio species duiing the icgeiatne stage of life 
The Nucleus — In wet-ii\ed and hemato\ylin-stained piepaiations the 
nucleus of E Insiohjiica piesents tuo distinct moiphological t'^pes, the 
true liistohjtica type (Fig 1 ), found in the most acute cases of djsentei}, 
and the teiiagcna type (Fig 3 ), found in the subacute oi nioie chionic 
cases of the disease 

The histohjUca t}pe of nucleus the species type is spheiical oi oial 
in shape in the stained piepaiations although if piessuie has been used 
in making the smears the nucleus may be much distoited It is chaiac- 
teiized by the veiy delicate nucleai membiane, stained black, and often 
not nioie than a line in thickness In some instances the niembiane is 
thickened at one poitioii of the peiiplieijg gning it a ciesceiitic appeai- 
ance On the inner side of the nuclear membiane verj’’ minute dots of 
black-stained chiomatm may sometimes be obseiied, nhile at the center 
of the nucleus there is a veiy minute and delicate kaiyosonie, usualh' 
composed of a single dot or mass of chromatin In rare instances a 
minute granule of chiomatm, moie deeply stained than the kai3'^oconie 
may be seen lying within the lattei, foiming the centiiole 

Within the nuelear plasma between the kaiyosonie and the membiane 
a few minute dots of chromatin may be visible, lying on the nodal points 
of a faintly stained liiiin network, but I'eiy many organisms are obseived 
in which the nucleus appears to consist only of a delicate nucleai mem- 
brane enclosing a minute kaijo'jome, the li3nlo2ilasm being entirel3’’ free 
from chromatin At tins stage of development the amount of nucleai 




Fig 1 — Vegetatue foim (tiopli07oite) of E Insiojyiicit, showing t\pical 
Imtolyhca t^pe of nucleus, X 1300 Tins and the following photonuciogiaphs 
weie taken with a No 2 eyepiece and a oil-nnmeision objectne All speci- 
mens weie wet-fi\ed and stained with ii on heinatoM hn The photomiciognphs 
weie taken by Capt Arthur C Chiisty, Aimi INIedical School, Washington D C, 
to whom mj thanks aie due foi inanj’ couitesies 

Fig 2 — ^^''egetatne foini of E Jnsfolyiica showing iciiagcna tijie of 
nucleus X 1,300 

Fig 3 — Vegetatne foim of E hxsiojyitca showing <^iniple dnision One 
nucleus is of the tjpical liisiohitica tipe, while the othei is of the tctiagnm 
t%pe, X 1,300 

Fig 4 — ^’ogetatne foim of E Insiolyiica in which the two nuclei resulting 
fioin diMsion aie of a modified tctJ again tipc XI 300 

Fig 0 — ^^'ogetatl^e foim of E hisiolyiica undergoing simple dni«ion 1 he 
two nuclei aie of the tctiuqcm t\pc X 1 300 

Fig G — ^\'egotati\e foim of E coh Note clumps ot chromatin on nuclear 
meinbanc and the Inge compact kaiasome X 1 200 
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cliioinalni ]<; mucli loss m E lof>iohilica iliaii in E coh, nhile the nncleai 
nionibianc and kanosonie aio nineh inoie delicate in appearance 

In paiasiies nndei going simple dnision tno nuclei inay be obsel^ed, 
both of ibe In^ioh/ftca ^^pc .iHbongb i.iicli one of the nuclei may be of 
the iciiaqeno t^pc as sbonn in Figiiie 3 In the In^iolyiica tipe of 
nucleus I baic ne^el obsened the Mcll-niaiked cyclical changes so ebar- 
aeteiisiic ot the iciiaqcna ^^pe of nnclcii«: 

'J be it'iioqcna tipo of iinelen« nbicb is cb.uactciistic of E hisioli/tica 
dm me: ceitam st.isios of ils de\elopnient. dilTeis so niaikedl'^ fioni the 
hi^foh/iica tApe tbal foi sciei.il Aeai= cntaniebas sboning tins hpe of 
nnclons neie legaidcd as belongimr to a distinct species The nuclear 
meinbianc in stained jnejiaiations is of considerable thickness as com- 
paied nitb the ineinbiane of the hi'^ioluina i^pe and laige clumps of 
cbiomatm aie not inficqnenth obsened on its inner surface The 
cbiomalm maA be colloeied il the center of the nucleus foiniing a deeph 
sinned solid-appearing kart osome clo=ch lesembling that of 17 coh or 
mote fieqnenth it has a characteristic airangeinent nitbin the nucleus, 
citbei being scattered on the inner side of the nuclear membrane oi as 
minute deeph stained granule^ on the dimh stained linm network ttbile 
the kanosonie is comparainch laige iiregular or loiigblv spherical in 
shape sui rounded In an unstained aiea and containing a well-defined 
centiiole The lattei consists of a deeph stained dot or mass of chro- 
in.it in sometimes aho suriouiided In an uustained area 

Cert nil noll-definod ctclic changes first described bv Hartmann 
occtii in the nucleus of E hi^lohjfua •tthen the icitaqcna npe of nucleus 
’S pioseiit and these changes are much more prominent in this species 
thin 111 E coll The kartosome sometimes appears as a fine network 
enclosing an unstained arei within which lies the centnole which nia% 
show diMsion into two granules, the outer bolder of the kaicosome nnr 
be Oounded In an unstaiued arei ot some extent at the outer border of 
whnh the linm nemork is obserxed the boundary of the clear mistained 
iret being formed of distinct dots of chromatin circularly arrmged 
Ag-iiii the karyosoine may stun tlinost uniformly throughout the cen- 
iriole apnearing as t more deeply stained central dor or it may be 
riMsible The linm netw'ork xaries in staining qualities at times being 
quite disniiLt while it others it is almost unsrainable Lying on the 
limn netW'ork there are geiierilly numerous dots of chromatin which also 
yary in their arrangement while tlie inner border of the nuclear mem- 
bmne is c-oyered with minute granules of chromatin, or irregular, larger 
misses, quite like those occurring commonly on the nuclear membrane 
of if. I Zf Tiiese ch ingcs in the morphology of the nucleus of E 
fc' 'if 7 are certainly yery diaracteristic of the species for while some- 



CHARLES F CRAIG 


035 


what similai changes also occui in the nucleus of TJ coh, they are much 
less sti iking and offer no difficulty in the differentiation of the species 

In many instancesj if one seal dies carefull}, intermediate types of 
nuclei between the lusiolyUca and ietiagena t 57 ies may be obseiied in 
E Jns/oZyiica, and oigani'jms aie obseived containing two nuclei (Fig 4) 
These paiasites aie undergoing simple division and the two nuclei ma'v 
be of the ImtolyUca, ietiagena (Fig 5) oi mteiniediate type^ oi one may 
lie of the Imtolyhca type ivhile the othei is of the ietiagena type, as 
alieady noted 

In stained specimens degeneiative forms of E histolytica aie fre- 
quently ob-seiied, in which the nucleus has either wholly or partiallv 
disappeaied and the cytoplasm contains threads, granules and blocks of 
chiomatin These are the forms that have been mistaken in the pa«t 
foi reproduction by gemmation oi budding, and that have caused so much 
confusion in the diffeientiation of the species In oidei to avoid such 
confusion it is a good woikmg lule to regard any entameba showing 
chiomidia within its cytoplasm as a degeneiating oiganism which should 
not be consideied in distinguishing between E histolytica and E coh 

The nucleus of E coh differs fiom either the histolytica or ietiagena 
type of nucleus of E histolytica m being much iichei in chiomatin, 
haling a thicker nuclear membrane, and a larger and moie compact 
kaiyosome, in which cyclical changes aie not so pronounced AVhile this 
is tiiie of the vast majority of entamebas of this species, theie do occur 
specimens of coh that have a nucleus veiy hard to distinguish from the 
nucleus of E histolytica, when that nucleus is of the ietiagena type, so 
that one should study several entamebas in every specimen of feces before 
aiming at a conclusion legaiding the presence oi absence of either 
'jpecies 

The nucleai membiane of E coh is quite thick and stains an intense 
black with heniatovylin It is even thicker than that of the ietiagena 
type of E histolytica, and inesents on its inner suiface gianules oi, moie 
fiequently, clumps of chromatin (Fig 6) The kanosome most often 
a]i]ieais as a deeply staining mass of chiomatin, of compai atii ely laige 
si/e, centially situated vithiu the nucleu';, and containing no veil-defined 
eentiiole In some instances a centiiole may be distinguished as a moie 
deeply staining mass of chiomatin neai the centei of the kai}o=onie In 
this species certain cyclical changes aFo occui m the nucleus and it' 
appeal ance laiies at difleient times but the} aie not so evident as in 
the ietiagena t}pc of nucleus of E histolytica When theie is a veil- 
defined and laige kanosome theie is little cMdence of a linin netvork or 
of chiomatin vithin it or on the lunei suiface of tlie nuclear membrane, 
but vhen diMsion of the kar}osonie oecuis the Imin network is clearly 
Msible m well-stained specimens, contains much chromatin in the form 
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of fine giannlcSj and laige clumps of clnomatin may bo obsencd on the 
innei side of tlie nncleai raembiane (Fig 6) 'I'lie nnclcns of E coh is 
eonsidciably laigci tlian tlial of E h'lstohjUca, in fhe legotafnc stage of 
development, and, nhile it nia'\ at times losemble the lattei in mor- 
pliolog}^, tlic tbickoi nuclcai membianc laigei ci/c (Fig lo), more com- 
pact kaiyosonie, and the laigci nia«es of chromatin on the innei side of 
the nncleai membianc, should sei\c to di&lmgui‘'h it fiom any stage in 
the deielopment of the nucleus of E losiohjiica 

Specimens of E coh aic not infieqnentl} obsencd undergoing simple 
division (Fig 8), and in stained piepaiations it is po's^ible to ^tnd} tins 
piocess fiom the initial diMsion of tlic centiiole to the complete dnision 
of the nucleus Vei'\ licqiiently oiganisms aic obsencd in ■which the 
kano«oino consnt'; of two deeply staining oial masses of clnomatin 
situated neai the centci of the nucleus oi ncai its peiipliciy, others aie 
obseiied in which the innci side of the nncleai membianc is eoACied 
with laige, iiicgulai clumps of clnomatin, the kai 30 ‘ 5 onie baling dn- 
appeaicd, and still otheis aic obsencd containing two well-dei eloped 
nuclei pos'^es'^ing the tipioal coh moipholog}, eilhci situated side by side, 
01 at some dislance fiom one anoihei 

Degeneiatne foims of Ibis specie': also aie fieqiient in stained prep- 
aiations and niai cause confiicion, but a little studi of them slioiild be 
suflicicnt to lead to a coiicct diagnosis icgaiding then natiiie 

In sunnnaiv, the following points aie of most as'^ntance in differen- 
tiating E Imioh/iica fiom E coh, in stained piepaiations, during the 
legetative ‘^tage of cMstence 

f The delicate nncleai membiane and minute kaiiosomc of E Ins- 
iohjiica, when the liislohjhca type of nucleus is piesent 

-3 The piesence of the loose kaiyosome, 'Juiioiinded bi'^ an unstained 
aiea, and enclosing a w cll-detined centiiole, cliaiaeteiistic of the nuelens 
of E Instohjtica, when the iciiagena tjpe of nucleus is piesent 

3 The ehaiactei of the clnomatin obsencd on the innei side of the 
micleai membiane in E Imtohjhca, tlie gianiiles oi clumps being smallei 
and less iiumeious than in E coh 

4 The piesence of eiythioc}tes within the cytoplasm, chaiactenstic 
of E histolytica 

The nucleus of E coh is chaiactciized, in stained prepaiations, by the 
thick nucleai membiane^ the laige, compact kai 30 some in winch tliq 
centiiole is eitliei iniusible oi ill defined, and b}'’ the laige clumps of 
clnomatin fiequently obseivcd on the innei boundar 3 ’' of the nucleai 
membiane 
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THE DIFFEnENTIATION^ OF E IIISTOLllTCA AND E COLI IN THE PBECYSTIC 

STAGE OF DEVELOPAIENT 

When the symptoms of clysenteiy aie clisappeai mg, that is m sub- 
acute cases theie occins a stage m the developmental cycle of E Imio- 
lyiica in -whieh the paiasite becomes maikedly i educed in si7e (Fig 10) 
and the stiuctuie of the nucleus tends to assume a pha'^e inteimediate 
])eti\een that of the hniolyhca and leiiagena types This is the so-called 
piecj'stic «lagc of the paia^ilc and, as it occins wlien ‘5}niptoms aie <5light 
01 piaclicallj ab«cnt, it i'; of impoilancc that these entamebas be dis- 
tinguished fiom the hainiless E coli Unfoi Innately, it is just at this 
stage in then deielopment tliat it is most didicult to dilTeientiate the tuo 
species, and if only these foiins he iiresent it is often impossible Enough 
tjpical legetatne oi cjstic foims aie usual!) piesent houeier, to enable 
one to make the diagnosis In ni) opinion, it is this stage in the develop- 
ment of E hisiohjiica that has been desciibed b) Elniassian as E imnuia 

Living Picpaiaiions — In the piecistic stage of deielopiiient E 1ns- 
iohjiica is maikcdl) leduccd in si/e the aiciagc measuiement being fiom 
10 to 20 micions in diamctci tlicie is loss distinction between the 
ectoplasm and endoplasm, motilit) is absent oi leiy sluggish, and a 
nucleus is gcneiall) Msible It w'lll thus be seen that at this stage of 
deielopment this species is piactically indistinguishable fiom E coh, in 
the Ining condition A caicful soaich will geneially leical the piesence 
of typical cysts oi legotatne foiins, howeiei but unless such are piesent, 
it must be confessed that it is meie gucsswoik, in the \ast majoiity of 
instances, to state that E Instohfiica is the paiasite piesent 

Stained Pi cpai aiions — It is full) as difficult to diffeientiate the two 
species in the stained as in the Ining prepai ations, when the) aie in the 
piecystic stage of deielopment At this time the nucleus of E histolytica 
IS moiphologically inteimediate in stiuctuie betw^een that of the histolytica 
and tetiagena type, the nuclcai membiane being thickened, and the kaiy- 
osome moie compact and unifoiml) staining, wliile the centiiole is often 
indistinguishable All of these changes cause the nucleus of this species 
to resemble that of E coli, theie being a veiy consideiable inciease in the 
amount of nucleai chiomatin iiiopaiatoiy to encystment I believe that 
it is piactically impossible, in the vast majoiity of instances to diffeien- 
tiate the tw^o species in stained pi epai ations, at this time, but, as has 
been said, a caieful seaich of the feces in such infections wnll geneially 
show'^ a fe^v typical cysts oi vegetative entamebas 

Yeiy fiequently the cytoplasm of both species contains chiomidia 
in the form of thieads, gianules oi clumps, and it is difficult to be sure 
whether such oiganisms are degenerating oi wdiethei the appeal ance of 
the chiomidia is a noimal process pnoi to cyst foiniation These forms. 
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liowevei, may be disiegaided as they aie of no ^aliie in diffeientiating 
between the two species 

THE DIEFERENTIATIOH OF E HISTOLYTICA AND E COLI IN THE CYSTIC 

STAGE OF DEVELOPMENT 

'^\^ien the stools aie semifoiined oi foimed, following an attack of 
entainebic dysenteijy oi in the mteivals between lecuiienceSj E lus- 
tohjhca nndeigoes encystment, the C 3 'st containing foui nuclei (Fig 12) 
Avhen fnlly developed In foinied stools E coh also occnis in the encysted 
stage of development^ the cyst of this species piodncing eight oi moie 
danghtei nuclei (Fig 13), eight being the noinial nimibei As the cysts 
aie the active agents of infection in both species, peisons haiboiing them 
aie efficient ‘^caiiieis’’ of the infection, and hence the gieat impoitance 
of then discovei}’-, especially in the prophylaxis of entaniebie dysenteiy, 
which IS caused by E liistohjUca Foituiiately the C 3 ^sts of E Imtolytica 
and E coh aie quite easily lecogiiized and diffeieiitiated both ivlieii 
living and ivlieii stained, and the loutine examination of foimed stools 
foi these C 3 sts in eveiy peison giving a history of diaiihea oi di^senteiy 
should become as much a pait of diagnostics as the examination of the 
sputum of peisons giving a histoiy of chionic cough The following aie 
the most chaiacteiistic featuies of the moiphology of the C 3 sts in both 
liAing and stained piepaiations 

Living PiepawUons — The C3'sts of both species aic spheiical oi o\al 
111 shape, lefiactne, and piesent a C 3 ^st Avail Avhich vanes consideiably in 
appeal ance Anth the age of the cyst, being delicate and single in outline 
ill the youiigei e3'sts, and thickei and having a double outline in the 
oldei cysts 

Size — The C3’'st of E histolytica A''aiies fioiii 10 to 20 niicions in 
diaiiietei, the aA^eiage being about 12 micions Tlie cysts of E coh vaiy 
tiom 10 to 25 niicions in diamctei, the aieiage being about 15 niicions 
It Aull thus be seen that the cy'sts of coh aie consideiably laigei than 
those of liistohjtica, an impoitant diffeiential point 

Cyst Wall — The cyst Avail of both species, in the ncAidy foimed C 3 sts, 
consists of a delicate membiane about a line in tliickness, but in tlie older 
cysts tlie Avail becomes much thickei, and geneiallv has a double outline 
The double outline is moie distinct m the C 3 sts of E coh than in those 
of E his(oh/iica, but a ditfeientiation of the species cannot be made fiom 
the dial aetei of the cyst aa all 

Cytoplasm — The appeaiance of the e3doplasm of the C3sts of both 
species Aaiies also AA'itli the age of the CAst In the Aoungei casIs the 
CAtoplasm appeals gianulai and, m the case of .E coh not iiifiequentlv 
contains included bodies as bacteiia and Aea=:t-cell=. but in the older 
CA'sts the'^e have disappeaied piioi to iiudeai dni^ion In the earh 
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'5tages of nucleai division, befoie and directly aftei the piimaiy division 
of the nucleus, a large vacuole may be piesent in the cytoplasm in both 
species, but aftei waid this vacuole disappears in the developing cysts 

Chiomtdm — In the e 3 ^sts of E ImiohjUca the cytoplasm veiy fre- 
quently contains biightly lefractne, spindle-shaped, oi irregulai masses 
of chromatin, of large size, which aie piactically characteristic of the 
cysts of this species While somewhat similai chromidial masses may 
laiely occui in the cysts of E coh, I believe that it is justifiable to make 
a diagnosis of the presence of the cysts of E InsiolyUca, if these chio- 
midial masses are present ivithin the cj'st In the living oiganism they 
aie veiy refiactive and appeal as shining masses within the cyst 

Nuclei — The ej’^sts of E histolytica, when fully developed, aie char- 
acterized by the piesence of four nuclei This numbei is nevei exceeded, 
in my expeiicnce, and anj-- specimen of feces containing cysts containing 
no more than foiii nuclei may be consideied as infected with this species 
The nuclei appeal as refractive, iing-like bodies within the cytoplasm, 
and it IS geneially nccessaiy to focus up and down in order to bung them 
all into view, as they he at diffeient levels in the cyst Any numbei of 
nuclei, up to and including foiii, may be seen in the cysts of E his- 
tolytica, hut never more than foui 

The eysts of E coh contain eight oi more nuclei, uhen full}’’ devel- 
oped, the noimal numbei being eight, but tins is not infrequently 
exceeded, as cysts of this species may be obsened that contain ten (Fig 
14), twelve, fouiteen oi even sixteen nuclei The nuclei appear as 
lefractive iing-like bodies, indistinguishable fiom those of E histolytica 
In my expeiience, any entamcbic cj'st occniiing in the feces of man and 
containing moie than foui nuclei is the cyst of E coh 

From the foiegoing it is evident that in the Ining condition the cyst 
of E histolytica may be distinguished fiom that of E coh by its smaller 
size, the piesence of the chaiacteiistic chiomidial masses within the 
endoplasm, and of fiom one to four nuclei The cyst of E coh is laiger, 
has no chiomidial masses, and may contain from one to sixteen nuclei, 
the noimal number being eight 

Stained Picpaiations — In the stained piepaiation, as in the living 
organism, the cyst of E histolytica is smallei than that of E coh, and 
the membrane is thinner and does not so often present a double outline 
The characteiistic diffeiences, howevei, aie the chromidial masses and the 
number of nuclei The chromidial masses stain almost black and varv 
111 number, only one or two being piesent generally The nuclei stain 
intensely and aie easily distinguished, but as they lie at diffeient levels 
in the Clasts it is necessary to focus carefully in order to be sure of the 
exact number The number piesent, of couise, determines the species of 
the cyst, the cysts of E Imtolytica containing generally from two to four 
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Fig 13 — Cyst ot E coh coiitaimug eight nuclei Only si\ aie visible in the 
photxnnieiogiaph because two lay at a diffeient le\el in the cytoplasm and thus 
aie out of focus Note size of cyst in compaiison uith 03 st of E histolytica, 
X 1200 

Fig 14 — Cyst of Entameha coh containing ten nuclei Onl}' five are vnsible, 
five being out of focus owing to their position in the c3toplasm Note large size 
of cvst XI 200 

Fig 15 — Vegetative form of E coh Note heavv nuclear menihiaiie and large 
compact kaivsome X 1«200 

Fig 10 — ^^^egetative form of E coh Veiv large specimen showing tvpical 
nucleus X 1 200 
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nuclei, while those of E coh generally contain tiom two to eight nuclei, 
this numbei being sometimes exceeded 

The structuie of the nucleus as obseived in stained preparations is 
quite similar, in each species, to that already desciibed as chaiaeteiistic, 
and, to one who has had much experience in the examination of these 
paiasites, may alone be sufficient to dilleientiate the speeies, but this is 
best accomplished by attention to the numbei of nuclei piesent 

In almost every speeimen examined eysts may be obsened that are 
evidently undeigoing degeneiation, the c3toplasm containing numeious 
lacuoles and threads and gianulcs of chromatin, vliile no nuclei are 
visible These degenerate cysts have caused much confusion in the classi- 
fication of entamebas, but aie easil}’- lecognized and should not be con- 
sideied in the cliflei entiation of the tuo species under discussion The 
noimal cysts always contain well-stained nuclei and show no chiomidia 
in then cytoplasm, with the exception of the laige ehiomidial masses 
alieady described as chaiactenstic of E Imiohjiica 

A tabulai aiiangement of the chief difleiential points between E 
histolyUca and E coh, in both the living condition and in stained piep- 
aiations as given below, may piove of seivice in the diagnosis of the 
species It should be lemembered, houeiei, as I haie stated elsewheie 
that ‘‘a diffeiential diagnosis of these species does not lest on the presence 
of a single moiphological featuie, but should only be made aftei a caieful 
consideration of all moiphological data as well as the life-C 3 'cle of the 
oiganisms im estigated ” While this is tiiie, it is also tiue that theie aie 
ceitain moiphological chaiacteis that aie actually specific, as the pres- 
ence, in any numbei, of er3'thiocytes in the cytoplasm of E Imiohjhca, its 
four nucleated cyst, and the eight nucleated cyst of E coh When these 
aie piesent it is an easy mattei to distinguish tlie two species, but if only 
the precystic foims can be found, the diffei entiation is most difficult, 
requiiing fiequent examinations and the study of the life-cvcle of the 
parasites 


IMPORTANT POINTS IN THE DIFFERENTIATION OF E HISTOLYTICA AND 

E COLI 


AEGLTATIVE STAGE OF DEVELOPIMENT 

E histolytica 


Actively motile 

Ectoplasm glass like Cleaily dif- 
fei entiated from endoplasm 

Nucleus often indistinct or invisible 
Erythrocytes present in endoplasm 
vlien stools contain blood Very 
characteristic 

21 Craig, Cliailes R' The Parasitic 
p 195 


EI\ IXG PKEPAEATIOXS 
E coh 
Sluggishly motile 

Ectoplasm pooily differentiated fiom 
endoplasm Not glass-like in ap 
peaiance 

Nucleus Msible and distinet 
Erytliioc^tes absent fiom endoplasm 
when stools contain blood 


Amebae of Man, Philadelphia, 1911, 
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VEGETATIVE STAGE OF DEVELOPAIENT STAINED PREPARATIONS 


Delicate nucleai membiane and min- 
ute kaiyosome, wlien InstolyUca 
type of nucleus is present 
Well-defined kaijosome sui rounded 
by an unstained area and contain- 
ing a centiiole, when the tctiagena 
type of nucleus is piesent 
Smaller gianules and clumps of cbio 
matin on innei side of' nuclear 
membiane 

Cyclical changes very maiked in the 
nucleus when the tetragena type is 
pi esent 

Eiythrocytes piesent in endoplasm 
when stools contain blood 


Thick nuclear membiane and laice 
compact kaiyosome (Fig 15) 

Ccntiiole geneially invisible oi indis 
tinct 


Laige gianules and clumps of chro 
matin on innei side of nuclear 
membiane (Fig 16) 

Cjelieal changes less maiked m 
nucleus 

Erytlnocytes absent fiom endoplasm 
when stools contain blood 


PRECVSTIC STAGE OF DEVEEOP^tENT LIVING AND STAINED PREPARATIONS 

In both the living condition and in stained pieparations the dilTeicntntion 
of E histolyUca and E coh is most difficult in this stage of development, and 
often impossible The diagnosis should rest on the charactei of the vegetative 
01 cystic foims that aie almost invariably present togethei with the piecj'stic 
foims 


CVSTIG STAGE OF DEVELOP JIENT 

E histolyUca 
Cyst smaller 

Cyst wall thin Double outline less 
fiequently obseived 
Cyst contains chaiacteiistic chro- 
midial bodies 

Cyst contains fiom one to four 
nuclei, revel ovei foui 


LIVING AND STAINED PREPARATIONS 
E coh 

Cyst laigei 

Cyst wall thick Double outline fic 
quently obseiwed 

Cjst does not contain chiomidial 
bodies 

Cyst contains from one to sivteen 
nuclei, the noimal nuinbei being 
eight when the cyst is fully de 
V'eloped 


In conclusion I would uige the value of the study of tlie living par- 
asites lather than stained prepaiations, in the dilleientiation of these 
tw^o speeies of entainebas I am convinced that foi most clinicians this is 
the Lest and most piactical method of distinguishing them, and that it 
IS only those wdio ha^e had a very limited expeiience in t]ie stud}'' of tlie 
living entamebas w'-lio insist on the necessity of staining them in oidei to 
dilTeientiatc them The data given in this paper are the lesiilt of tlie 
study of neaily twelve hiindied cases of entamebic dysenteiy and of 
Iiuudieds of infections with E coh, and, in almo'^t every case, I think it 
can be stated that the differentiation of E hisiohjUca and E coh wac 
dist made on the living parasites without any special difficult} In view 
of tins expeiience I am greatly in favoi of the ^tud} of living oigain=nis 
lathei tlian of stained piepaiations in attempting to di'^tinguidi tlie two 
specie': Theie is one exception to this lule and that i= in the ca=e of 
the cysts I believe that the stained c}sts aie more readily diflerentiated 
than the living cv'sts, and in the '^eaich for ^^caiiier= of ihe=e bod]e= 
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better lesults will be obtained if stained piejoaiations aie made, as well as 
living pieparations 

The diffeientiation of the harmless Eniameba coh fiom the patho- 
genic Entameha ImiolyUca, and the discover}' of ^^caiiieis” of the latter 
species, aie not academic questions, but are of the most vital importance 
in the diagnosis, treatment and piophylaxis of dy'^enteiy, and foi thi'^ 
leason the micioscopical examination of the feces, now so much neglected 
by the physician, should become a routine measure in the clinical study 
of eveiy patient in legions wheie entamebie dysenteiy occurs 



STUDY XXI THE IMMEDIATE EFFECT OF DEFEATED 
DOSES OF THEODEOMIX SODIUM SALICYLATE 
AXD THEOCIX OX EEXAL FUXCTIOX 
IX ACUTE EXPBKIMEXTAL 
XEPHEITIS 

E FITZ, M D 

BOSTON 

Such autlioiities as Senatoi/ Oslei,- Biadfoid,® Heiiick* and 
Foisehheimei® agiee that in the treatment of acute nephiitis a cautious 
tiial with the use of diuietics may be made with safety, but that sucli 
diugs should not be given jieisistently unless a distinct effect is pioduced 
since laige doses oi the continued effect of small doses may lead to 
scanty excietion of uiine with letention of unnaiy jiioducts The expeii- 
mental evidence foi this contention is slight 

Of the diuretics in clinical use, puiin deiivatives aie given most 
extensively The exact mechanism by which they pioduce diuiesis is not 
altogethei ceitam Munk° and Schwaitz,''^ fiom pei fusion expeiiments 
on the isolated dog's kidney injected with caffein and allied diugs, found 
a maiked diuiesis wathout anj’’ e\idence of inci eased flow of blood 
thiough the kidney, and concluded that these substances had a specific 
effect on lenal secietoiy functions Von Schioedei® and Loewff con- 
fiiined these obseivations in noimal animals, finding aftei injections of 

’ Fioin the Medical Clinic of the Peter Bent Biighain Ilospital, Boston, ind 
Lahoiatoiy of the Theoiy and Piactice of Physic, Hiivaid Medical School 

^ Submitted foi publication Jan 16, 1914 

* This IS one of a seiios of studies on c\peiimental caidioienal disease 
Study I, Smith Boston Med and Surg Joui , 1908, clviii, 696, Study II, Chris 
tian Boston Med and Suig Join , 1908, cli\, 8, Study III, Chiistian Join 
Am Med Assn, 1909, hii, 1792 Studies IV-XV, Chustian, Smith and Walkei 
Tiic Ancnivrs Int Mud, 1911, viii, 468 551, Study XVI Chiistnn and O’llaie 
The Archives Int JIed 1913, \i, 517, Studies XVII and XVIII, O’Haie The 
ARC nnES Int Med, 1913, \ii, 49, Cl Studi XIX. Chiistnn and OTInic, Join 
Med Eeseaich, 1913, wmu, 227, Study XX, Walkei and Dan son lin Aiiciiiirs 
Int Med, 1913, \ii, 171 

1 Senatoi Xothnagel’s Specielle Pathologie und Tlieiapie, 1896, \i\ (I) 
p 64 

2 Oslei Piactice of Medicine, 1909, p 691 

3 Bndfoid AUinitt and Eollestons Svstein of ^ledicine 1908 i\, 607 

4 Heiiiek Oslei ’s Modem Medicine, 1908 m 143 

5 Foichheinier Tlieiapeusis of Internal Diseases, 1913 n 58 

6 Miink Centialbl f die med Wissensch , 1886 481 

7 Schnaitz Aich f e\per Path u Phaimakol, 1899 \lni 1 

S Von Schroeder Aich f e\per Path ii Phaimakol 1887 wii, 39 

9 Locwi Aich f e\pei path u Phaimakol 1902 \l\in 410 
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caffe]]! aucl othei pii]]]i bodies an incica'-ed outflow of inincj =a]ts and 
uiea wdncli they consideied to be duo to diioet ctimnlation of the epithe- 
luim Phillips and Biadfoid/” and Gottlieb and Magnus” siipplenicntcd 
these e\peunients by onconietei ‘studies They found 11=119113 iniec- 
tion of dnuetics of this gioiip dilatation of the leiial blood-Ae==cls which 
w%as independent of changes in the aoitic blood-pie==iiie and which was 
accompanied b}’^ a niaikcd dnnesis, but oeca^ioiialp diniesis occuiied 
wMli little ^ascnlal dilatation or maiked \ascnlai dilatation without any 
additional outflow' of mine Theiefoic they belieied that while the la'so- 
motoi phenomena w'cic impoitant in piodiicing dii]io=]s, moie complex 
pioce=ses must be pieseiit to explain the effect of pm 111 bodie= Fletchei, 
Hendeison and LoewP- made paiallcl obsenations and diew identical 
conchisioiis Pie},” howeici, using the onconietei, and Beco and 
Pliimiei,” w'oiking with a peifnsion appaiatiis, fomicl that the amount 
of mine following the injection of the'se dimetics wa's dncctly iclated to 
the quantity of blood going thiough tlie kidney in a gnen unit of time 
Hence the evidence on the phaimacological action of the puiin diuieiies 
IS conflicting By the u=e of these clings, lioweiei, in noimal animals 
an inci eased outflow' of mine and its solids oeems wlietliei due to a 
specific dilating action on the blood-tessels of the kidnei 01 to a stimula- 
tion of the loiial epithelium 01 to a combination of both these effects 
Pndei pathological conditions the kidney's leaction to these dings is 
v.iiied nellm and Spiio” studied the action of c.iffem m labbits 
poisoned with aisemc, aloiii. cliiomnim and canthaiidin Dimesis could 
be obtained in those iicphiitidcs in which tubulai lesions piedominated, 
but did not occm w'hen the glomeiuh w'cie chiefly affected 'Webeip'^ 
working on dogs, found that in chioniium nephiitis the kidnejs weie 
unable to exciete a concenti ated mine, so that although sodium chlorid 
and theophyllin pioduced an inciea‘:ed outflow' of fluid except in most 
advanced case=, yet theie w'as no inciense 111 the output of the solids of 
the mine, and in ceitain animals a letention Ilediiigei attacked the 
pioblem fiom a diffeient point of view' Schlaiei and Tledingei,^" and 
Schla}ei and Takayasu” showed in expeiimental nephiitis in labbits 
that the leiial ies=cls as tested in an onconietei weic hypeisensitne 01 
hyposensitii e to physiological stimuli at diffeient stages of the disease 

10 Phillips and Biadfoid Join Phisiol, 1S87, iin, 117 

11 Gottlieb and Magnus Aicli f expei Path u Phannakol , 1901, xlv, 223 

12 Fletchei, Ilendeison and Loewi Aich f exiiei Path xi Phainnkol , 
1905, hn, 15 

13 Fiey Ax eh f d ges Phjsiol (Pflugei’s), 1900, c\x', 175 

14 Beco and Plxiniiei Joui de phjs et de path gCn , 1906 viii, 10 

15 Ilellin and Spno Aich f expei Path xi Phannakol , 1896, vxxxiii, 308 

16 Webei Aich f expei Path xi Phainiakol, 1900, In' 1 

17 Schlayei and Hedingei Dexitsch Areli f klin Med , 1907, xe, 1 

18 Schlayei and lakayasu Dexitsch Arch f klin Med, 1910, xcviii, 17 
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While hypersensitive the vessels dilated abnormally with a maiked 
diuresis^ while hyposensitive they no longei reacted and oliguria lesulted 
Hedingei'^^ applied this method to animals injected with different renal 
iiritants, using as vaseulai stimuli theophyllin, digalen and digipuiatuni 
in small doses Diuiesis occurred only when the lenal vessels weie 
physiologically intact MacNider-® was unable to confirm these results 
entiiely He ohseired the renal vascular response to caffein, theohiomin, 
digitalen and saline solutions in dogs with uianium nephiitis His 
animals were divided into two mam groups, those anuric or piactically 
anuiic with a noimal blood-piessuie and normal lenal vaseulai system 
which showed no diuietic reaction to the various drugs, and those with 
an identical blood-piessure and renal vaseulai response which, howevei, 
liad a definite diuresis In the anuric gioup, the histological examination 
showed marked epithelial desquamation which produced an encioachment 
on the tubular lumen In the second group this was less distinct Ho 
concluded that mechanical obstiuction to the lumen of the tubules played 
a part in determining the amount of iiiine Mosenthal and Schlayer*^ 
studied the effect of repeated doses of sodium chloiid and caffein on the 
amount of mine and chlorid excietion and on lenal volume as recorded 
by an oncometei in uranium and chromate nephritis in rabbits In most 
advanced cases of each type of lesion neither dmietic was active, but in 
the early stage of chromate nephritis, sodium chlorid pioduced an 
increased outflow of urine and chlorid with renal dilatation, while caffein 
m lepeated doses caused a diminishing amount of these substances with 
vascular contraction In the early stage of uranium nephritis directly 
opposite results were obtained These findings weie explained on the 
assumption that in one type of lesion the functional condition was h^qiei- 
sensitive to fatigue by caffein, and in the othei to fatigue by chlorid 
Finally, Christian and O’Hare-- gave theobromin sodium salicylate, and 
Walker and Dawson^^ gave tlieocm, caffein, potassium acetate and spai- 
tein sulphate from day to day to rabbits poisoned with uranium nitiatc 
In most seveie cases all these drugs seemed to shorten the animals’ Ines, 
but in the less severe cases theobiomin sodium salicylate, at least, appar- 
ently had a beneficial action Therefore, from the literature it appeals 
that in mild cases of acute experimental nephiitis various diuietics cause 
an inci eased output of urine unless repeated rapidly enough to cause 
icnal fatigue, and they are of possible therapeutic benefit In seieie 
eases, however they are not pharmacologically active and are eien 
injurious 

19 Hedmger Deutscli Aieli f khn IMed 1910 c 305 

20 MacNider Jour Pliarxn and E\per Tlienp 1912, jii 423 

21 Mosenthal and Schlajer Deutsch Arch f khn Med , 1913, cvi, 217 

22 Christian and O’Hare The .Vechives Ixt Med, 1913. \i 517 

23 Walker and Dawson Tun Archites I^T Mm, 1913, xn, 171 
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Except for investigations regarding the total amount of urme and its 
constituents, no systematic studies have been reported as to the influence 
of diuretics on renal excretory functions under pathological conditions 
This paper describes a series of experiments which weie made to deter- 
mine the immediate effect of repeated doses of theohromm sodium sah- 
cylate and theocin on the amount of water, nitrogen, sodium chlond and 
phenolsulphonephthalein eliminated during different stages of acute 
expel imental nephritis 

Eabbits were injected subcutaneously with toxic amounts of potassium 
bichromate or uranium nitrate in sufGcient quantity to produce deflnite 
changes m renal function without rendering the animals anuric These 
drugs were chosen because chromium produces marked tubular destruc- 
tion in the kidney, leaving the glomeruli practically intact, while 
uranium nitrate produces lesions in both glomeiuli and tubules Thus 
renal function was tested under diverse pathological conditions To 
obtain different degrees of severity of the same tj'pe of nephritis, animals 
were selected at varying times after injection and renal excretion was 
studied in the following manner The animal to be observed was anes- 
thetized by a subcutaneous injection of methane (ethyl carbamate) in 
dosage of from 1 25 to 1 50 gm per kilogram of body-weight At the 
same time 2 gm of urea and 2 gm of sodium chlond were administeied 
in 50 c c of watei by stomach-tube to insure a flow of salt and nitrogen 
containing fluid It was realized that these three substances in them- 
selves were powerful diuretics, but it was believed that after their rate of 
excretion was once established, any marked subsequent variation durmg 
the time of these experiments was due to changes in renal function 
brought about by the drugs introduced Cannulas were inserted into 
the bladder and jugular vein according to the usual technic and the 
elimination of phenolsulphonephthalein, water, salt and nitrogen was 
followed 

The phenolsulphonephthalein test was slightly modified, but was 
made on the whole according to Eowntree and Geraghty’s"^ method for 
obtaining constant output of the drug At the beginning of the experi- 
ment, depending on the seventy of the clinical condition of the animal, 
from 0 0015 to 0 006 gm of the dye mice of salme solution was 
injected intravenously After the color appeared, the urine durmg the 
next thirty mmutes was measured in drops and diluted to 10 or 20 c c 
with distilled water, and the amount of phenolsulphonephthalein m an 
aliquot part estimated by Eowntree and Gexaghl^s modification of the 
Autenrieth-Konigsberger colorimeter Except when only traces were 
recovered, an amount of phenolsulphonephthalein equal to 10 per cent 


24 Eowntree and Geraghty The Aeohives Int ]Med , 1912, i-^, 284 
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more than the total amount lecovered at this time was reinjected into the 
vein, to he excreted during the following interval, thus allowing for the 
loss between observations In the few animals which were unable to 
excrete appreciable amounts of the drug, no further injections were made 
In this way the phenolsulphonephthalem concentration in the blood and. 
tissues was kept as nearly constant as possible, and any distinct increase 
or decrease in the excretion was assumed to be due to changes m lenal 
function At the end of every half hour the total amount of urine, 
nitrogen and salt excretion for the period was recorded The nitrogen 
was quantitated by KjeldahFs method, and the chlorids by the Lutke- 
Martius method From these figuies the concentration of nitrogen and 
salt in one hundred drops of urine was found After the flow of water 
and phenolsulphonephthalem was approximately constant for two half- 
hour periods, theobromin sodium salicylate and theocin in increasing 
dosage were injected intravenously As Hedinger^'' had found clinically 
that the repeated use of small amounts of diuretics often produces greater 
effect than single large doses, it seemed advisable to determine experi- 
mentally the action of repeated small injections of such drugs on renal 
function Therefore, solutions of theobromin sodium salicylate-® and 
theocm sodium acetate were made containing 10 mg to the cubic centi- 
meter of the former drug, and 5 mg to the cubic centimeter of the latter 
drug (corresponding to 0 3 gm of theobromin sodium salicylate and 

0 15 gm of theocin if given to a man weighing 150 pounds) At first 

1 c c of theobromin sodium salicylate solution was given, followed in 
fifteen minutes by 3 c c , yielding a total of 30 mg of the drug Then 
1 cc of theocin solution was injected, and at fifteen-minute inteivals 
3 c c , 3 c c and 4 c c , making in all 50 mg of the drug Finally, the 
animal was killed and the kidneys were examined histologically after 
Zenker fixation and eosin-methylene blue staining The drugs were 
given in this order and amount for arbitrary reasons Ho effort was 
made to determine their relative efiicacy of action The experiments 
were conducted solely to discover the immediate effect on renal function 
in different kinds of acute experimental nephritis of the repeated injec- 
tion of two typical purin diuretics 

The results have been grouped into three tables, each table represent- 
ing the mean of eight experiments While each observation m general 
shoired the same features, by averaging them m this way, any exceptional 
finding due to individual peculiarity of the animal was ruled out 

Table 1 shows that under the conditions stated for the tune observed, 
the excretion of fluid in normal animals diminished slightly but con- 

25 Hedinger Munclien med Wchnsclir , 1912, lix, 1098 

26 The substance used in these experiments was the brand of theobromin 
sodium salicylate made by Knoll Co and sold under the proprietary name 
“Dmretm ” Tlie tbeocm sodium acetate was made by Baj'cr & Co 



TABLE 1 — Experiiients ox NoRiiAL Axuials 

I’ABT I NORJLAI, AXIMAXS 

Average of Rabbits I, II, III, 737 * Average weight, 1,750 gm Histological findings negatue 
Urethane narcosis At the beginning of the experiment each animal was given 2 gm of urea and 2 gm 
of sodium chlorid in 50 c c of water by stomach-tube Injected intravenously with phenolsulphone 
phthalein 


lime 
Minutes 
?i om First 
Collected 
Urine 

Urine 

Diops 

Sodium Chlorid 

[ 

Nitrogen 

Phthalein 
% of Amt 
Injected 

1 

Remaiks 

Total 

No 

Mg 

hig Per 
100 
Drops 

lotal 

No 

Mg 

Mg Per 
100 
Drops 

1-30 

' 180 

43 

24 

55 

31 

48 


35 







Reinjected with phthalein 

35-G5 

175 

54 

31 

48 

27 

46 


70 







Reinjected with phthalein 

70-100 

164 

72 

1 

44 

40 

24 

49 

Killed 


* The numbers of these animals correspond to those recorded in the laboratorv of Theory and 
Practice, Harvard Medical School 


PAST II XOIllIAL AXUIALS UlTII DIimnTICS 

Average of Rabbits III, IV, 731, 737 Average weight, 1,750 gm Histological findings negatiae 
Urethane narcosis At the beginning of the experiment each animal was given 2 gm of urea and 
2 gm of sodium chlorid in 50 c c of water by stomach tube Injected intravenously with phenol 
sulphonephthalein 


Time 
Minutes 
from Fii st 
Collected 
Urine 

Urine 

Drops 

Sodium Chlorid 

Nitrogen 

Phthalein 


Total 

No 

^Ig 

Mg Per 
100 
Drops 

Total 

No 

Mg 

hig Per 
100 
Drops 

% of Amt 
Injected 

Remarks 

1-30 

35 

50 

96 

47 

49 

45 

46 

52 

Reinjected with phthalein 

1 c c of thcobromin sodium 
salicylate 

2 cc of theobioimn sodium 
salicylate 

35-65 

70 

85 

150 

62 

41 

52 

34 

4 

58 

Reinjected with phthalein 

1 c c of theoein solution 

2 c c of theocin solution 

70-100 

105 

120 

584 

i 

198 

34 

70 

12 

66 

Reinjected with phthalein 

3 c c of theocin solution 

4 c c of theocin solution 

105-136 

572 

188 

32 

61 

10 

64 

Killed 































TABLE 2 — ^Ubakium Experuients 


PART I AXIIIARS WITHOUT DIREUTICS 

Average of Babbit 754: 5 mg of iiraximm nitrate subcutaneonsfy , 48-bour nephritis InstologicaBy 

showing marked tubular lesions 

mg of uranium nitrate subcutaneously, 24-houi nephritis histologically 
showing mild tubular lesions 

5 mg of uranium nitrate subcutaneously, 72 lioui nephritis histologicallj" 

showing mild tubular lesions 

6 mg of uranium nitrate subcutaneoush in diiided doses, 48 hour nephritis 
histologically showing advanced tubular lesions and slight glomerular lesions 

Average weight, 2,000 gm Urethane narcosis At the beginning of the experiment each animal 

lias given 2 gm of uiea and 2 gm of sodium chlorid in 50 cc of water by stomach-tube Injected 

inti avenously with phenolsulphonephthalein 


Aieiage of Babbit 755 3 


Average of Babbit 756 


Average of Babbit 757 


Time 
Minutes 
from First 
Collected 
Urine 

Urine 

Drops 

Sodium Chlorid 

Nitrogen 

Phthaleiii 
% of Amt 
Injected 

Bemaiks 

Total 

No 

Mg 

Mg Per 
100 
Drops 

Total 

No 

Mg 

Mg Per 
100 
Drops 

1-30 

213 

59 

28 

30 

j 

14 

21 


35 







Beinjected with phthalein 

35-65 

184 

44 

24 

32 

17 

21 


70 







Beinjected with phthalein 

70-100 

137 

29 

21 

27 

20 

18 


105 

1 






Beinjected with phthalein 

105-135 

138 

23 

17 

25 

1 

18 

20 

Killed 


PART II ANLSIALS WITH DIURETICS 


Aierage of Babbit 741 
Average of Babbit 730 

Aierage of Babbit 728 


Aieiage of Babbit 729 


3 5 mg of uranium nitrate subcutaneously, 24-houi nephritis histologicallj 

showing mild tubular lesions 

9 mg of uranium nitiate subcutaneously in divided doses, 120-hour nephri- 

tis, histologically showing advanced tubular lesions, and slight glomerular 
lesions 

4 mg of uranium nitrate subcutaneously, 48 hour nephritis histologically 

showing marked tubular lesions 

5 mg of uranium nitrate subcutaneously in divided doses, 96-hour ncphij 

tis, histologically showing marked tubular lesions 

Aierage weight 1,900 gm Urethane narcosis At the beginning of the expenmeiit each animal 
was given 2 gm of urea and 2 gm of sodium chlorid in 50 c c of water by stomach-tube Injected 
intravenously with phenolsulphonephthalein 


lime 
Jlinutes 
fi oni First 
Collected 
Ui me 

Urine 

Drojis 

Sodium Chlorid 

Nitrogen 

Phthalein 
% of Amt 
Injected 


Total 

No 

Mg 

Mg Per 
100 
Drops 

Total 

No 

Mg 

Mg Per 
100 
Drops 

Remarks 

1-30 

35 

50 

[ 176 

1 

1 

i 

68 

39 

18 

10 

1 

1 

1 

10 

Reinjected ailli phthalein 

1 c c of thcobrorain sodium 
salicylate solution 

2 c c of tlieohromin «odiuin 
salicylate solution 

35-05 

70 

85 

332 

91 

28 

32 

10 

17 

Reinjected with phtlinlem 

1 c c of theocin solution 

2 c c of tberKun solution 

70-100 

105 

120 1 

490 

137 

28 

3S 1 

1 

07 

IS 

Reinjected with phthalein 

3 c c of theocin solution 

4 c c of theocin “-nlution 

105-115 ' 

309 

97 

20 

39 

11 

IS 

Killed 
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stantly, while chloiid and nitrogen excietion varied somewhat both in 
amount and in concentration without bearing direct relation to the 
amount of urine The phenolsulphonephthalein excretion remamed 
almost unchanged When the diuretics were injected there was a pro- 
nounced increase in the amount of urme passed, paralleled by that of 
sodium chlorid The concentration of chlorid became lower, suggesting 
that the excess of salt was cairied through the kidney by water The 
output of nitrogen was less affected by the diuresis, but mci eased as did 
that of the phenolsulphonephthalein, agreeing with Eowntree and 
Geraghty’s-* observations On the whole, in normal animals the imme- 
diate effect on renal function of repeated injections of theobromin sodium 
salicylate and theoein was beneficial Tins was shown by an mcreased 
output of water, chlorid, nitrogen and phenolsulphonephthalein, but by 
repeated dosage there was evidence of beginning renal fatigue, since the 
excretion of all these substances dimmished during the last period of 
observation 

As m the first part of Table 1, animals with uranium nephritis which 
had not received diuretics (Table 2) showed a constant dimmution in 
the amount of urine In tins series the chlorid and nitrogen decreased 
both in amount and in concentration The phenolsulphonephthalein 
remamed unchanged The theobromm sodium salicylate and theocin 
produced a definite reaction There was a marked increase m the amount 
of urine paralleled by that of nitrogen and chlorid without any increase 
in concentration The amount of phenolsulphouephthalem, however, did 
not vary to an appieciable degree In the last period the evidence of 
lenal fatigue was exaggerated The total amount of urine and salt 
diminished to a greater extent than m normal animals, though remaining 
above the initial level, while the nitrogen and phenolsulphonephthalein 
were unaffected Therefore, in uranium animals the immediate effect on 
renal function of repeated injections of theobromin sodium salicylate 
and theocin was not harmful There was an increased output of water, 
chloiid and nitrogen with an unchanged excretion of phenolsulphone- 
phthalein The kidney was fatigued more easily than under normal con- 
ditions, as shoivn by the diminishing output of salt and water under the 
influence of repeated injections of the drugs 

Table 3 shows the effect on animals poisoned with potasium bichro- 
mate and treated in similar fashion As in the previous control experi- 
ments, animals without diuretics showed a constant falling off in their 
salt and water excretions, although the excretion of nitiogen increased 
without relation to the total amount of urine The elimination of phenol- 
sulphonephthalein was nearly constant The action of the diuretics was 
less marked While both salt and water were excreted m increased 
amounts they were proportionately less well put out than in the previous 



TABLE 3 — Bichbomate Expebements 


Average of Babbit 762 20 mg 

cally 

Average of Babbit 763 20 mg 

cally 

Average of Babbit 764 40 mg 

cally 

Average of Babbit 765 40 mg 

cally 

Average weight 2,500 gm 
was given 2 gm of urea and 
intravenously with phenolsulphonephthalein 


PABT I ANIMAES WITHOUT DIUEETICS 

of potassium bichromate subcutaneously, 72-hour nephritis histologi- 
showing mild tubular lesions 

of potassium bichi ornate subcutaneously, 72-hour nephritis histologi- 
showing mild tubular lesions 
of potassium bichromate subcutaneously, 
showing mild tubular lesions 
of potassium bichromate subcutaneously, 
showing well-marked tubular lesions 
Urethane narcosis At the beginning of the experiment each ammal 
2 gm of sodium chlorid in 50 c c of water by stomach-tube Injected 


96-hour nephritis lustologi- 
96 hour nephritis histologi- 


Time 
Minutes 
from Birst 
Collected 
Urine 

Urine 

Drops 

Sodium Chlorid 

Nitrogen 

Phthalein 
% of Amt 
Injected 

1 

i 

Bemarks 

Total 

No 

Mg 

j 

Mg Per 
100 
Drops 

Total 

No 

Mg 

Mg Per 
100 
Diops 

1-30 

221 

56 

25 

35 

16 

45 


35 




1 

1 



Beinjected with phthalem 

35-65 

219 

04 

29 

38 

17 

45 


70 







Beinjected uith phthalein 

70-100 

180 

54 

30 

40 

22 

43 


106 



I 

i 

1 



Beinjected with phthalein * 

105-135 

180 

49 

27 

41 

23 

40* 

Killed 


* Bepresents average of three animals In one animal part of injection was lost 


PABT XI ANIMALS WITH DIURETICS 

Average of rabbit 732 20 mg of potassium bichromate subcutaneously, 24 hour nephritis histologi- 

cally showing mild tubular lesions 

Average of rabbit 734 20 mg of potassium bichromate subcutaneously, 72-hour nephritis histologi- 

cally showing no lesions, but functionally abnormal 
Average of rabbit 735 20 mg of potassium bichromate subcutaneously, 96-hour nephritis histologi 

cally showing marked tubular lesions 

Average of rabbit 743 20 mg of potassium bichromate subcutaneously , 24-hour nephritis histologi- 

cally showing mild tubulai lesions 

Average weight 1,800 gm Urethane narcosis At the beginning of the experiment each animal 
was given 2 gm of urea and 2 gm of sodium chlorid in 50 c c of water by stomach-tube Injected 
intravenously with phenolsulphonephthalein 


Time 
Minutes 
from First 
Collected 
Urme 

Urine 

Drops 

Sodium Chlorid 

Nitrogen 

Phthalem 


Total 

No 

Mg 

Mg Per 
100 
Drops 

Total 

No 

Mg 

Mg Per 
100 
Drops 

% of Amt 
Injected 

Bemarks 

1-30 

35 

50 

192 

1 

1 

04 

33 

1 

40 

21 

33 

i 

Reinjected vith phthalein 

1 c c of theobromin sodium 
sahcjlntc solution 

2 c c of theobromin sodium 
salicylate solution 

35-05 

70 

85 

224 

1 

57 

25 

40 

18 

28 

Beinjected vith phtlnlein 

1 c c of theocm solution 

2 c c of theocm eolation 

70-100 

105 

120 

105-135 

351 

96 

27 

45 

13 

1 24 

i 

Beinjected with phthalein 

3 cc of thcocin colution 

4 cc of theocm solution 

200 

64 

25 

30 

11 

IS 

Killed 

























954 


THE AROHIVES OF INTERNAL MEDICINE 


senes There was no definite increase in nitrogen excretion, and duiing 
the last peiiod a diminution The most striking featuie, howevei, was 
the steady deciease in phenolsulphonephthalem elimination duiing the 
entile time of observation In chromate nephiitis, theiefoie, the imme- 
diate effect of puiin diuretics was to pioduee a slight diuiesis of vatei 
and salt, to have little effect on the excietion of nitrogen and to hinder 
that of phenolsulphonephthalem If a large enough amount of diugs 
weie given, the kidney was more easily fatigued than in noimal or 
uranium animals, as shoivn by a gi eater lessening in the excietion of all 
the substances studied 

In addition a series of experiments with cantharidin nephiitis was 
attempted Wlien sufBcient amount of the poison was gnen to produce 
outspoken lesions, it was found that the animals became anuiic and 
failed to react to the diuietics, confiiming the obscivations of Ilellin and 
Spiro,^*^ Schlayer and Hedinger^" and Schlayei and Taka} a‘!u If lessei 
amounts were injected, the anatomical and functional conditions of the 
kidney were so little changed as to make the obsenations of no value 
These experiments, therefoie, haie been discarded 

On the whole, in normal animals the immediate effect of injections of 
theobromin sodium salicylate and theocin was to produce an increased 
outfiow of mine, sodium chloiid and to a less extent of nitrogen and 
phenolsulphonephthalem After repeated small doses of the drug were 
given the kidney became fatigued and excreted these substances in lesser 
amounts 

In animals suffering from uranium nephiitis of vaiymg intensity a 
similar immediate response to these diuretics was obtained except that 
the kidney became more easily fatigued In chi omium nephritis, on the 
other hand, while the kidney responded to the theobromin sodium sali- 
cylate and theocin by increasing the output of water and chlorid, } et the 
excretion of nitrogen remained almost constant and that of phenolsul- 
phonephthalein diminished After large amounts of the drugs had been 
injected, the signs of renal fatigue were more pronounced than m 
uianium nephritis or noimal animals as the watei, chlorid, nitrogen and 
phenolsulphonephthalem excretions diminished with greatei rapidity 

Mosenthal and Schlayer^^ have demonstrated differences m renal 
fatigability to repeated injections of caffem and sodium chloiid in 
uranium and chromate nephritis In these expeiiments following 
repeated injections of puiin diuretics the kidneys became moie easily 
fatigued m relation to excretion of the substances studied m chromate 
nephritis than m uranium nephritis or normally Thus these observa- 
tions are to a certain extent confirmatory of previous work 
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Poliri;, Karsnei and Denis*' have shown that the non-protein nitrogen 
of the blood of animals having acute toxic nephritis accumulated in pro- 
portion to the severity of the disease It was most pronounced in 
uranium and cantharidin nephritis and least marked in chromate neph- 
iitis Clinically, it has long been recognized as a grave prognostic sign 
in kidney disease Drothingham, Fitz, Folin and Denis,-® working with 
rabbits poisoned with uranium nitrate, showed that the curve of nitrogen 
accumulation in the blood and of the excietion of phenolsulphonephthal- 
ein in the urine correspond closely Therefore, it seems reasonable to 
conclude that in uranium nephritis the immediate effect of theobronnn 
sodium salicylate and theocin was beneficial for by the use of these di ugs 
the outflow of water, sodium chlorid and nitrogen was increased, thereby 
tending to prevent nitrogenous accumulation in the blood In chromate 
nephritis, however, the immediate effect of these diuretics was harmful, 
since, although they increased the outflow of water and chlorid, the 
nitiogen excretion was unaffected and the phenolsulphonephthalein elim- 
ination was diminished In each nephritis repeated infections of theo- 
bromin sodium salicylate and theocm to the point of fatigue of the kidney 
was harmful to the renal function by producing a diminution in the total 
amount of urine, chlorid, and to a less degree, of phenolsulphonephthalein 
and nitrogen excreted 

CONCLUSIONS 

1 The immediate effect of repeated small doses of theobromin sodium 
salicylate and theocin on renal function in acute experimental uranium 
nephritis of different degrees of severity is beneficial since they cause an 
increased output of urine, chloiid and nitrogen and do not diminish the 
excretion of phenolsulphonephthalein 

2 The immediate effect of repeated small doses of theobiomin sodium 
salicylate and theocin on renal function in acute experimental bichromate 
nephritis of different degrees of intensit}’^ is harmful, since although an 
increased output of urine and chlorid occurs, the excretion of nitrogen is 
unaffected and that of phenolsulphonephthalein is diminished 

3 The repeated infection of small doses of theobromin sodium sali- 
cylate and theocin m sufficient amount produces a condition of renal 
fatigue in which the kidney is no longer able to react This is most 
easily obtained in bichromate nephritis 

4 Various tf^ies of acute experimental nephiitis lespond differently 
to repeated infections ot theobromin sodium salicylate and theocin both 
in regard to immediate changes in the excretion of chlorid, nitrogen and 

27 Folm, Karsner and Denis Jour Exper Med, 1912, xm 789 

28 Frothingham, Fit/ Fohn and Denis The Akchiies Ixt :Med , 1913. 
XII, 245 
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phenolsulplioneplithalem and in regaid to the degree of renal fatigue 
which IS induced 

5 Tliese expeiiments do not include observations on nephritis of the 
most extreme giade of seveiit}' In the few studies made on animals 
which had the different kinds of lesions and were anuric, the diuretics 
Avere not active in provoking an increased output of either water, chlorid, 
nitrogen or phenolsulphonephthalein 

Peter Bent Brigham Hospital 



THEEE CASES OF ADAFLS-STOKES SYKDEOIIF WITH 
HISTOLOGICAIi FEsEIX GS ^ 


ADELE OPPE^'HEI2IEE A3L B S OPPEEEEniER, 2LD 

yrvr tobk; 


Althongli it is established that a complete transverse lesion of the 
stem of the anncnloventncnlar condnctmg system or of its tiro main 
branches resnlts in anncnloventncnlar dissociation and althongh a fevr 
years ago the problem of heart-block seemed almost settled bv the discov- 
eiT of lesions in the condnctmg systent, it is novr apparent that the soln- 
tion of this problem is not so simple as it appeared at that tune There 
are cases on record in vrhich heart-block iras proved beyond a donbt bnt 
still no lesions m the hearts adeqnately erplainmg the fadnre of the 
condnetion of impulses from anncle to ventncle vrere to be found. f 
The three cases to be presented shotr three very different histological 
conditions in the conducting system: and it is someirhat unfortunate 
that the clinical data do not give ns such definite mfonnetion of the 
mechanism of the heart as can be positively correlated vnth these post- 
mortem findings. 

Three hearts from patients vnth a clinical history suggesting heart- 
block vrere kmdly entrusted to ns for microscopic esamination ; tvro by 
Er. ilacCallnm and one by Er Bishop 

Heast 1 — Case Repc/H — The case report has been given bv Dr. Bishop * The 
patient a vratchman, aged 75, vras admitted to Lincoln Hospital Oct 22, 1903 
His faimlv historv vras negative He had had measles, vhooping cough and 
smzll-pox vben a child. Later in life be bad bad mnscnlar rheumatism and a 
sunstroke. He bad drunk Tbiskv moderatelv. Svphilitic bistorv vras dcuif-u 
The patient Tas described as having a slovr pulse vertiginous and s^copal attacr.s 
and rapid venous pulse The radial artery vas not thickened even to the degrre 
that vrould be erpected in a patient oi his age A polggxaphic tracing vras pub- 
lished in the original article. 

Macroscopic Examinaiion of the Heart — ^Tbe post-mortem examination of tr*' 
heart vas made by Dr. Larkin." “The heart shoved a calcareous n'"'duf'", =Jtt. 
ated precisely m tlie path of the bundle of Hi' This nodule vas evid'^ntly O’'* 
cause of the complete heart-block obseived corirg life ” 


* Submitted for publication Dec 5, 1913 

♦ From the Pathological Laboratory of Columb.a Unive-=,t" at t 
of Physicians and Surgeons ^ev 'iork City, read in aD--i’‘ac<. he o.r 

York Pathological Society Yor 12 1913 

tA. F Stlnley Kent has described in detail arotner co-rcctio-^ b^.- 
auricle and ventricle beside the bundle of Hi= suu.ate rt 
border of the human heart (Proc. Boy Soc. Loaco-' . ic 

Xo E594 Biological Sciences p 195 ) 

1 Bishop: Am. Jour Jfed. Sc_ 1910 C2 

2. Bishop and La’-kin- Proc Xe— Pa a -.oc. I ' , - 


Co’f ge 
Ir Xf" 

^ t f 
1-z* ' J 


l.\ 
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The heart was received from Dr Bishop in formaldehyd solution and the 
measurements of the preserved heart levealed nothing of interest 

The edges of both mitial cusps were shrunken and deformed and one could 
feel a haid calcareous deposit all along the attachment of the posterior cusp 
The aortic cusp of the mitral valve was thickened throughout and contained 
irregular, lough, hard calcareous deposits This calcareous mass was continuous 
uith that described above in the upper portion of the interventricular septum and 
in the space between the anteiior and light postenor cusps of the aortic ^al^e, 
that IS, diiectly in the noimal pathway of the bundle of His The cusps of the 
aortic valve were markedly thickened The wall of the aorta itself showed 
patches of atheroma The coronary arteries, both right and left, presented a i ery 
marked sclerosis with patches of atheioma 

Microscopic Examination — Such a portion of the heait was removed for 
microscopic examination as would include the calcaieous mass which seemed 
macioscopically to be situated precisely in the path of the bundle of His, namely, 
such a portion of the septum between the two halves of the heart as includea 
the node, stem, and the blanching of the auriculoventricular sjstem The upper 
margin of this block ran along the upper edges of the aortic leaflets, and the 
low’d maigm parallel with this 3 cm below the lowest part of the pars mem- 
branacea septi 

This piece of tissue was decalcified with nitric acid, embedded in paraffin, cut 
from above down, parallel with the upper margin, in sections 15 to 19 microns 
thick Altogether 2520 sections w’erc cut and for a prcliminaij studv evcij 
fortieth mounted Finall} about cveiy fouith section fiom Section 1322 (where 
the node was first seen) to 1G18 (well bevond the break in the continuity of the 
auriculoventricular system), and about every tenth fiom 1618 to 2440, was 
mounted All the sections weie stained with Weigert’s iron hematoxjlin and 
van Gieson’s picric acid fuchsin solution except Sections 1392, which was stained 
with hematoxvlin and eosin, and 1334, which was stained by Eoehl’s method for 
calcium 

The auriculonodal connections aie attenuated (especiallv the strand to the 
left) but are uninterrupted A very few round cells and still fewer poljmorpho 
nuclear cells are found at this junction and in the node itself 

The node lies, as usual, to the right of the central fibi ous body, but is peculiar 
in that it IS largely cut off from the auricular musculature by fatty tissue It 
consists of a network of pale, fine muscle fibei s w ith ci ow ded nuclei The nodal 
artery shows increase of connective tissue in the intima and media, indeed theie 
18 sclerosis of the vessels throughout the whole of all the sections 

The node and stem are continuous Tlie stem is characterized by a greatei 
vascularity, a more marked cellular infiltiation and by the presence of more con 
nective tissue than the node, which characters aie so marked in the auricu- 
loventricular sjstem at and near the bifui cation of the stem as undoubtedly to 
be beyond normal limits The stem progiesses normallj through the membranous 
septum in a short course and comes to lie undei the endocaidium of the left 
ventiicle, when abruptly at its forwaid end it abuts on a calcified necrotic sphere 
theie bifurcating to form what were judged to be stumps of the right and left 
branches The calcified sphere, which lies dliectlj acioss the path of the stem 
at its bifurcation, stretches from the endocardium of the left ventricle almost to 
that of the right 

This calcified sphere forms part of an area of calcification vv’hich begins just 
below the anterior aortic (coronary) cusp and involves the stump of the mitral 
valve, the connective tissue of the auriculoventricular ring and the undefended 
space, and the surrounding musculature, namely, that of the left auricle and of 
the basal part of the interventricular septum and of the auriculoventricular 
bundle The area consists in the main of nodules of calcified necrotic material 
well encapsulated by connective tissue sheaths In and immediately about some 
of the encapsulated nodules there is increased vascular itj accompanied by pus 
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cells (mostly round cells but not a few polymorpbonuclears) There is also here 
and there the typical invasion of the calcific nodules by young connective tissue 
ivith an occasional giant cell 

At one level one of these calcific nodules appears to the right of the lentncu- 
lar end of the stem abutting on its narrowest part, and comes to lie in an indenta- 
tion of the stem giving the appearance of compressing it This occurs not far 
from the bifurcation, namely, at the forward end of the stem, which is composed 
mostly of thin-walled engorged blood-vessels and connective tissue and pro- 
portionately very few muscle-fibers The undoubted increase in connective tissue 
elements and vascularization which characterizes the ventricular portion of the 
stem also exists in the stumps of the right and left branches 

The stumps just mentioned are, judging by their position probably the true 
branches and not the result of a mere splitting of the stem owing to pathological 
conditions The lesion in this angle is, as has already been mentioned, a large 
calcific necrotic sphere which separates the stem and stumps from the rest of 
the right and left branches proper (Figure 1) The left branch proper is easily 
identified, but the identification of the continuation of the right branch we 
cannot assert with the same conviction 

Even on a naked-eye study of the sections it is clear that as one goes from the 
aortic valve toward the apex of the heart the calcific, necrotic focus involves a 
more and more extensive area and compromises the aunculoventncular system 
more and more And microscopic study reveals that in Section 14G2 there is no 
viable muscle-fiber in the stump of the right branch and that in Section 1480 
there is not even an indication of the stump of the right branch,^ that in Section 
1502 there are no muscle-fibers in the stump of the left branch, and that there is in 
the region of Section 1544 from above down a hiatus of about 1 mm ( 1 02G mm ) 
in the stem where there is no viable musculature At this level the stem region 
consists of vascularized connective tissue with much cellular infiltration (mostlv 
round cells, an occasional polynuclear and a feu cells larger than round cells 
characterized by more cytoplasm and a less compact nucleus) 

'io summarize, there are for a short distance (examining from above down) 
no muscle-fibers in the stem Above this hiatus a large calcific necrotic sphere 
intervenes between the stem at its bifurcation on the one hand and the right 
and left branches on the other, and it is only below this hiatus that one branch 
(namely, the left) is continuous with the body of the stem In brief the right 
and left branches are cut off from the auriculonodal jimction because necrotic 
tissue IS situated in the path of the aunculoventncular bundle 

The two branches, cut off as they are from the node, present no abnormalities 
in their structure 

It should be home in mind that the identification of the “mam ’ part of the 
right branch as it descends downward is not absolute, since it is nowhere con- 
tinuous with the stem and was judged by its location, the lack of density of 
its muscle-fibers and its isolation Farther up, the mu=cle fibers of the right 
limb are slightly finer than those of the surrounding musculature, farther down, 
slightly coarser with occasionally a clear central space At one level a small 
group of muscle-fibers which lies between the right branch and the epicardiuni 
presents great resemblances to the right branch, some of its muscle-fibers have 
even a clear central space so that this segment of musculature is indistinguich- 


3 In spite of the absolute break m the continmtv of the right branch, irapul=es 
mav vet have passed from the stump of the right limb through the ordni'’rv 
ventricular musculature to the ventricular chamber, for it is not unlilelv judg- 
ing by the anatomical findings in the hearts which we have studied and bv physio- 
logical considerations that the aunculoventncular system is not complcteh iso- 
lated between its two ends namely all along the line irom the auriculonodal 
connection to the Purkinje fiber ventricular junction 
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Projection drawing of Sections 1438 and 1442, Case 1 — Showing an old 
calcaieous focus, surrounded by connective tissue, which causes complete inter- 
ruption of the bundle of His At the bifurcation of the stem a calcific nodule 
(larger in the following sections) seems to press in upon it This indented region 
of the body of the stem and the stumps of its two limbs present manifestly more 
thin walled blood vessels and more connective tissue than is normal At a lower 
level the necrosis encroaches on the stem to such an e\tent that it is entirely 
lacking in muscle-fibers for about 1 mm from above down Fibrous tissue is dark, 
necrotic material is dotted, A-V system is honeycombed, AS, auricular septum, 
Z(, region where isolated left branch of A-V system appears in sections lower 
down, M, mitral valve, E, isolated right branch, T, tricuspid valve, VS, ven- 
tricular septum 
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able from the right branch as to its structure Now and again the right limb 
presents more connective tissue than is found in the neighboring myocardium 

The left branch is characterized by somewhat more connective tissue and is 
on the whole somewhat paler staining than the surrounding musculature, vith 
its individual muscle-fibers slightly coarser and not so densely constructed, though 
only rarely presenting a clear central space 

The vessels of both the specialized and typical musculature present sclerosis 
of the intimal and mesial coats The muscles about the vessels (especially per- 
haps those of the outer coat of longitudinal fibers )•* are finer and paler than the 
cross-striated typical cardiac muscle-fibers and resemble those of the nodal muscu- 
lature of the heart The capillaries are everyivhere engorged and in places small 
extravasations have occurred into the tissues, possibly signifying nothing more 
than ante-moitem or post-mortem stasis 

There is a good deal of connective tissue m the interventricular septum but 
no evidence of recent inflammation Besides the calcified area in the upper part 
of the interventricular septum (in the angle of bifurcation of the auriculo- 
ventricular system and crowding in on the stem) there are isolated areas with 
lime deposit in a region of much connective tissue between the right and left 
sides of the interventricular septum and in some connective tissue of the right 
ventriculai musculature 

The smooth muscle of the left endocardium shows more connective tissue than 
normally As usual, its muscle fibers, like those about the vessels, resemble the 
muscle-fibers of the nodes of the heart 

The endocardium is normal, except that part of the left endocardium which 
covers the degenerated area where the cellular infiltration extends into it and 
dense connective tissue replaces the usual loose subendothelial tissue to quite 
an extent 

The epicardium of the posterior surface (the only epicardium on the sections) 
presents a thick, compact connective tissue layer under a not inconsiderable part 
of the epithelium In this layer there is (below the level of the node and stem) 
both a scattered and a dense cellular infiltration, that is, round cells, a few cells 
with larger cell body and larger vesicular nucleus, and an occasional polynuclear 
are found scattered and in masses A most imposing focus of dense cellular 
infiltration is seen in the subepicardial fatty tissue immediately under the com- 
pact connective tissue layer in the lowest sections 

SraiMAEY 

Though the aurieulonodal junction is not very powerful, it is not, 
apparently, inadequate, but there is an actual interruption of the con- 
tinuity of the auriculoventncular structure along its course to account 
for the sjTnptoms in this case, both branches of the conducting appa- 
ratus are cut oS from the main stem of the auriculoventncular system 
and from each other There is undoubtedly more connective tissue in 
the stem and more vascularity (with its attendant cellular infiltration) 
than IS normal, and the upper ends of both limbs almost wholly and 
the body of the stem for about 1 mm of its length have been demol- 
ished by a chronic, necrosing, calcifying process In addition, there is 
an inconspicuous cellular infiltration at the node, as well as a more 

4 This may be due to the direction in which they are cut It should he 
noted that in this (as well as m other hearts) some of the ordinary cardiac 
musculature seems paler or more aacuolated than the rest owing to the direction 
in whicli the muscle-fibers are cut 
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maiked one of the stem and an imposing accumulation of lound cells in 
the subepicaidium j there is scleiosis throughout the coronaries and 
then inteimusculai blanches, and an incieased amount of connective 
tissue in the oidinaiy lentricular musculature and some little calcific 
necrotic tissue 

HEABT 2 

Heart 2 — Case Rcpoit — The heart ^^as foi warded to Dr L F Barker of 
Johns Hopkins Hospital by Dr D A Campbell, professor of medicine, Halifax, 
Nova Scotia, together with the following notes “I first saw J C, a retiied 
mariner, in the summer of 1905, shoitlj after he was admitted to an institution 
for the care of the aged He w’as then in his ninetj’^-fifth jear His bodily health 
Avas excellent He was quite corpulent, but unusually acti\e He was generally 
cheeiy and bright in disposition His mental faculties were well preseried 
Phjsical examinations disclosed the existence of some enlargement of the heart, 
and the presence of a very loud, harsh, aortic systolic murmur The pulse rate 
was 60 and quite regulai During the following winter he had a sharp attack of 
influenza, from which he lecoveied completely During tiie summer of 1906 he 
was ill the greater part of the time, but neaer whollj’- confined to bed The most 
pronounced symptoms wcie mental depiession, cjanosis, bradycardia (the pulse 
late varjing from 10 to 40 wathout anj irregularity), slight seizures resembling 
petit mal occurring very frequently some days, and Chej’ne-Stokes breathing 
especially at night On account of the patient’s being so fat, no superficial veins 
could be noticed in the neck Various lemedies were tried to afford relief with- 
out much success Finally belladonna was given in moderate doses and improve 
ment followed That belladonna favorably influenced the conditions was e\ident 
from the fact that when the remedy w’as discontinued for ten days or so most 
of the symptoms returned 

“He continued to keep fairly well for a period of ten months, using the bella- 
donna the greater pait of the time 

“Early in August, 1907, the symptoms returned and gradually increased in 
severity, causing his death a month later The bradycardia was not so marked 
as before, 30 being the lowest pulse rate noted, and the epileptiform seizures 
were infrequent The more prominent teiminal symptoms weie marked cyanosis, 
Chejne Stokes breathing and total disappeannce of the radial pulse and cardiac 
impulse for peiiods varying from thirty to sixty seconds in duration This xerv 
unusual modification of the pulse was noted for five dajs befoie death, and seemed 
to be closely connected with Cheyne Stokes respiration The pulse usually, but 
not always, disappeared during the period of dyspnea, returning during the period 
of apnea No sound whatever could be heard over the cardiac aiea when the 
radial pulsations were absent ” 

Macroscopic Ewamvnation of the Eeart — ^The heart was received from Dr 
llacCallum in formaldehyd solution Grossly the fixed heart presented no 
abnormality in the region of the conducting system which would account for 
heart-block 

Microscopic Examination of the Eeart — For micioscopic examination the fol- 
lowing blocks of tissue were excised 

1 The region of the sinu auiicular node This block consisted of the auiiculai 
wall on either side of the sulcus terminalis of His extending posteriad as far 
as the interauncular septum and including a part of the superior and infeiioi 
venae cavae, and extending anteriad so as to include some of the pectinate muscu 
lature (a strip of about 0 5 cm ) Moreover, this block extended along both sides 
of the crest of the light auricle, thus including not only the pait already desciibed 
on the lateral aspect of the auricle on either side of the sulcus, but also the 
auricular wall on the median aspect facing the aorta On the lateral aspect the 
area reached almost to the aui iculoventncular groove, on the median face it 
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extended from the crest down for about 1 cm toward the insertion of the aorta 
and w’as a continuation, as regards its width, of the lateral poition 

2 The auriculoventricular septum, containing the auriculoventricular node, 
the main stem, and the beginning of the branches Tlie sections ^Yere cut hori- 
zontally, approximately parallel to the stem 

3 A portion of the upper ventricular septum (left side) containing a part of 
the left branch of the bundle of His 

The first two pieces were embedded in celloidin-paraffin and cut in sections 
15 nficrons thick Every fifth section was mounted and stained with Weigert’s 
iron-hematoxylm and van Gicson’s piciic acid fuchsiii solution A few sections 
w ere stained with orccin The thii d piece was frozen, cut, and one section stained 
with Scharlach R, one section stained with iron-hematoxylin and van Gieson’s 
solution, and finally one with orcein 

Sinn-Auuatlar Node Region — ^Tho sinu-auncular node is sclerotic There are 
small compact masses of connective tissue between the muscle fibers, there is 
more connective tissue at the cephalic than at the caudal end of the node, where 
the muscle-fibers are separated bj looser connective tissue instead of by “wads” 
Even allowing for individual variation within normal limits, the increase of con- 
nective tissue in this case is so maiked throughout the entire extent of the node 
that it may be safely stated to be abnoimal No such fibrosis is present in the 
musculature immediately about the node or in the other portions of the right 
auricle examined In the main the nodal fibers themselves may be described as 
lacking in cross striations There is, however, the typical gradual transition 
from nodal into ordinary auricular musculature The nodal aitery, present in 
this heart, shows sclerosis of the media and a slight endarteritis Some of the 
smaller branches too show these changes as do also the artery on its way to the 
node and some of the v^essels among the ordinary cardiac musculature, occasion- 
ally a vessel presents obliterating arteritis Some of the sections of the arteries 
have an outer layer of longitudinal smooth muscle-fibers aiianged in small 
bundles’ Some of the nuclei of the auricular musculature are large and present 
unev on distribution of the chromatin and sometimes an irregular margin ” 

Here and there in the pectinate and othci ordinary cardiac musculature as 
well as in the specialized musculature of the Keith-Elack node, a very few cells 
which resemble lymphocytes are seen They are slightly larger, have more cyto- 
plasm, and their nuclei are more vesicular, less compact than those of lympho- 
cytes At one place in the nodal fat there is a small group of these cells Larger 
collections of them appear in the epicardium and subepicardium , the largest 
at the level of the pace making apparatus Sometimes they are found about 
the subepicardial nervous elements in the neighboihood of the node Now and 
again a nerve passes from the subepicardium into the sinu auricular system 
Once a ganglion cell was noticed alongside a capillary in the very center of the 
nodal tissue 

In general the effects of the pathological changes in the node of Keith and 
Flack are not yet established, and we do not ventuie on judging the significance 
of the sclerosis of this structure in this case 

Region of tlic Aunculoveninculor Sysiem — ^The connections between the 
auricular musculature and the node of Tawara are scanty The node in the sec- 
tions IS an irregular semicircle, the diamdter of vvhicli lies along the central 
fibrous body, and the circumference of which is almost entirely surrounded by 
fat tissue, thus practically separating the nodal from the auricular musculature 
There is an abnormal amount of fat tissue in the region of the interauricular 
septum The node contains very little connective tissue 

5 Such bundles of longitudinal smooth muscle fibers are normally found in 
all hearts 

G The nuclei of the swollen type mentioned above were described by Dr A E 
Cohn in Heart, 1912, iv, 24 
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Cross sections of the artery in the specialued musculature present scleiosis 
of the intima and the media Some of the \ei} small vessels have a marked 
diminution of then lumina, but it is impossible to saj vhicli of the two inner 
coats is involved Theie is intimal and mesial sclerosis of the aileiics in the 
interauricular and intei ventricular septa, and of the coronary aiteiy (with 
atheioma) Theie is calcific deposit in the wall of the aorta not onlj near the 
opening of the light coionary but even ncaier to the aurieuloventiicular «jstem 
than that ^ 

As was to be expected in sections of a hcait from a patient adiancod in ^cals, 
lipochiome gianules aie seen in the muscles of the auricle, ventricle, and auric- 
uioventi icular system Some of the nuclei of both the auiicular and the lentric 
ular muscles were of the “swollen” type already described Tlie smooth muscle of 
the left endocardium picsents incieasc of connectue tissue as docs the ordinarj 
interventi icular musculature especially on the left side 

Though the stem is long and slender, there is nowhere a break in the con- 
tinuitj' of the auiiculoventriculai sjstem 

Uppci Ycntiicular Scptnvi — Ihe piece fiom the upper pait of the septum on 
the left side of the lieait presents an inci eased amount of connectue tissue in 
the oidinaij cardiac musculature but no evidence of icccnt inflammation Theie 
IS also a slight inciease in the coniiectnc tissue surrounding some of the \essels, 
all three aessel coats are sclerotic 'Ihcrc is no fatty infiltration of anj of the 
musculatuie The endocardium appeals to be normal 

SUjniARY 

"While it cannot be affiimed that the slightness of the aunculonodal 
junction IS the causative factoi in this case of Adams-Stokes disease, 
3'et it is of impoitauce in the light of the fact that Aimstiong and 
Monckebeig® leported an exquisite case of Ijunphangio-endothelioma of 
the am iculo ventricular node in which it was judged that the break 
between auiicular and nodal musculature was the cause of the heart- 
block 

The condition of the blood-vessels in the aged patient may hai e been 
an accessoiy factor 

"We should expect to find some cellulai infiltration in arteiiosclerotic 
heaits, and we do not know that theie is any relation between the 
increase of cells in the interstitial tissue of the smu-auriculai node and 
of some of the ordinary auiicular musculatuie and the clinical sjmptoms 
in this case 

It should be lecalled that the intei ventricular septum, especially on 
the left side of the heait, presents an inci eased amount of connective 
tissue, and that some of the nuclei were of the "swollen” type with scat- 
tered chiomatin and sometimes with irregular margm 

In brief, the most obvious explanation of the symptoms in this case 
IS the aunculonodal break 

7 In another heart (from a patient without data as to heart block) though 
calcareous nodules were found grossly in the neighborhood of the bundle of His, 
microscopically these did not interfere with the continuity of the auriculo- 
ventricular system This heart was kindly given us for examination by Dr W 
G MacCallum 

8 Armstrong and Monckeberg Arch f klin Med, 1911, cii, 144 
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HEART 3 

Heart 3 — Ohmcal Risioiy — The hcait A\as received fiom Di W G MacCal- 
lum vho pel foi rued the autopsy and ga\e us the clinical notes fuinished him by 
Dr M G Poite/ 

The patient ivas a white man aged 50 Theio vns no histoiy of s\philis, he 
had not used alcohol to excess lie had alwajs been stiong and healthy until 
eighteen months before exitus, when he had suffeied from seveial attacks of syn- 
cope AYithin a few dajs Six months befoie his death he had a similar seizure 
and since that time he had fiequeiitly complained of giddiness on using and of 
shoitness of breath Three days befoie his death he vas seized, after violent exer- 
tion, vitli severe pain in his piecordiuni, ladiating down both aims Subse- 
quently he had repeated attacks of s-smeope and sc\eial cpileptifonu convulsions 
wiOi attacks of brad3cardia between which the pulse iliythin would be noiirial 
The pulse-iate langed between 110 and 25 beats per minute Ho died in one of 
his seizin es The mine w’as acid, specific giavilj' 1 OIS, tiace of albumin, no 
sugar On the day pieiious to his death a distinct peiicardial fiiction mb was 
heaid o\ei the bodj of the hcait This was again heard about an hom Ktei 
(“pericarditis epistenocardia”) “ 

Utiopsy — The autopsy ie\oalcd the cause of death to be ruptuie of the w’all 
of the heait and consequent hemopericardium “Ihe peiicardiuni was found to 
be filled with blood wdiicli was partly clotted in places the clot was fully 1 cm 
thick Iheie was a lagged hole in the antenoi wall of the left lentiicle about 
1 cm to the left of the vein that corresponds to the inteiventriculai septum 
Some blood clot wms adherent to and extended into this ragged opening The 
Intel \entricular septum throughout its cntiie extent w'as opaque, of a giajush 
ochie coloi and was cMdcntly necrotic This appeal ance extended to within 1 cm 
of the pulmonarj' orifice whcie it was shaiply maikcd off fiom the adjacent nor 
iiial heart wall The wall of the left ventricle w’as gieatlj' hj’peiti opined, but 
its tissue was not abnoimal 

“The trabeculae were opaque and fiequcntlj^ broken thiougli In the angle 
hotween the wall of the ^ontrlclo and the septum was a hole, thiough which a 
probe was passed until it extended through the opening on the anteiior surface 
of the heart Both coronal les wcie maikedlj sclerotic The antciioi descending 
blanch of the left coronal y artery was completely occluded bj' a thrombus 3 5 
cm from its oiifice The sequence of events has evidently been coioiiary sclciosis, 
thrombosis of the left descending blanch, infarction of the interventiiculai sep- 
tum, ruptuie of the heart wall, hemopcncai dium 

Grosslj, then, the heart presented an infaiction of the intei ventiicular septum 
including the neighborhood of the mam stem of the bundle of IIis and its blanches 

Microscopic Examination of the Heart — ^Tlie heait w'as received fiom Dr 
MacCallum in formaldehyd solution For microscopic examination the following 
blocks of tissue were excised 

1 The legion of the sinu aui iculai node as described under Heart 2 

2 The auiiculoventricular septum containing the aunculoventiicular node, 
the mam stem and the beginning of the branches 

3 The ventiiculai septum adjacent to Block 2 (just below it) with the pos- 
terior papillary muscle of the left side and the underlying ventiiculai wall and 
a piece of the apex 

4 A portion of the upper ventriculai septum (left side) containing a part 
of the left branch of the bundle of His 

6 The antenoi papillaiy muscle of the light ventiicle with chordae tendineae 

9 Sternbeig Compt rend XVI Cong internat mCd , Budapest, 1909, Sec- 
tion VI, MCd Intel ne, p 39G, Vcrhandl d XXIX Deutsch Cong f inn Med, 
1912, p 444 

10 MacCallum Johns Hopkins IIosp Bull , Febiuaiy, 1908, No 203, xix, 60. 
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0 The base of the anterior papillary muscle of the left ventricle and the 
underlying ventiicular vail 

7 A portion of the vail of the left auricle 

Blocks 1, 2 and 4 vere embedded, cut, mounted and stained like the corre 
spending pieces in Heart 2, piece 3 like blocks 1 and 2 above except that only 
eveiy fortieth section was stained The remaining blocks of tissue (5, 0 and 7) 
were embedded in celloidin-paraflln, cut 15 microns thick and two sections of 
each stained 

Left Auricle (Block 7) — ^To begin with the least important block of tissue 
The epicardium and adjoining fat and muscle of the wall of the left auriele pre- 
sent cellular infiltration (only an occasional polymorphonuclear leukocyte here) 
The inflltration is most marked in the epicardium and subepicardium, one small 
focus was seen in the endocardium Tlierc is sclerosis of the media and intima 
of the vessels 

Region of the Smu-Auricular Node (Block 1) — Unlike the portions from the 
interventricular septum, the block of tissue in the region of the sinu auricular 
node presents a comparatively slight cellular infiltration The round cells (onlj 
a few polynucleais arc to be seen) arc present m the epicardium and sub 
epicardium, to a less extent in tbe nodal tissue, and to still less an extent in the 
ordinary myocardium There is practically no invasion of the endocardium The 
area near the inferior vena cava is somewhat more involved than the rest of the 
ordinary cardiac musculature The most marked infiltration in this block is found 
in two regions, namely (1) in the epicardium at the level of the node and 
(2) about the subepicardial nervous elements and the musculature on the median 
face of the crest near the interauricular septum ( i e , the region of the sjTiapse 
of the vagus as described by Marchand and 3Mejer“) There is a negligible 
increase in the amount of connective tissue in the head of the pacemaking appa- 
ratus The nodal muscle fibers are much coarser than those of Heart 2 and show 
cross striations clearly There is the usual gradual transition into ordinarj 
cardiac musculature There aie a few pus cells in the media of the nodal arterv 
The vessels, both of the specialized and tjpical musculature, present sclerosis of 
the two inner coats As usual, some of the sections of the arteries present an 
outer layer consisting of bundles of longitudinal non striated muscles Some of 
the nuclei of the musculature of this piece of tissue are of the swollen type At 
one point the node encloses ordinary musculature Here and there a nen e fiber 
from the subepicardium is seen to enter the nodal structure, and in its very center 
a ganglion cell was observed 

It does not seem possible that the very slight cellular infiltration of the pace- 
making system in this case could account for any decided influence on the func- 
tions of the heart 

Region of the Upper Aunculo ventricular System (Block 2) — A very few 
infiltrating cells — for the most part lymphocytic, rarely polymorphonuclear — 
are seen in the conducting system The right branch, and the stem (at the level 
of its division into two branches) and the central fibrous body near by piesent 
more pus cells than the node, the upper stem, and the left branch Close at hand, 
at the basal end of the ventricular septum is an infected infarct with pus cells 
in the capillaries and adjoining tissues There are pus cells elsewhere (every- 
where round cells exceed the polynuclears in numbers), namely in the epicardium, 
subepicardial fat, auricular musculature, endocardium, tricuspid and mitral and 
aortic valves But the most pronounced lesion in this block is situated in the 
typical ventricular musculature near the junctional tissue Here the musculature 
has taken an unusual brown tint and many of the muscle nuclei seem to have dis- 
appeared Indeed, some of the muscle fibers themselves have apparently dis 
appeared in their entirety and have been replaced by connective tissue The 

11 Marchand and Meyer Arch f d ges Physiol , (Pflueger’s), 1912, cxlv, 401 
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lemainnig muscle-fibers are separated by columns and masses of pus cells and are 
snrunken The central fibrous body is a little larger than normal Practically 
all the ^essels present intimal and medial seleiosis, sucli are the nodal artery, 
the aoita, the coronary artery, and, in brief, other vessels in the auricular and 
Ncntiicular septa Some of the nuclei of tins block of tissue are of the swollen 
Ijpe The smooth muscle of the left endocardium is normal 

Region of the Lmcer Annculovcninctilar System and of the Terminal Arhoriza- 
tiOns (Blocks 3, 4, 6, G) — Upper Ventricular Septum In Block 4, that is, the 
piece from the upper pait of the septum on the left side of the heart, there is 
lustological evidence of the infarction just as there is in the other blocks from the 
intericntiicular septum Thcie is a round-celled and polymorphonuclear infiltra- 
tion of the endocardium, subcndocaidium, the region of the left branch and espe- 
cially of the ordinarj ventricular musculature where many of the muscle-fibers are 
separated from one another by pus cells, arc shrunken, and, though still show- 
ing cross strmtions, are lacking in nuclei Some of the muscle-fibers have indeed 
apparentlj quite disappeared There is fat in both the region of the specialized 
and ordinarj cardiac muscles 

Region of the Terminal Arborizations — In Block 3, namely, the ventricular 
Fcptum immediately below Block 2, no attempt was made to find and tiace the 
light branch of the auriculoc cntricular sjstem The uppermost part of the pos- 
terior limb of the left branch was identified macroscopically as if for dissection 
and marked with India ink’= and so found in the sections under the microscope, 
but as we did not follow the left branch continuously in serial sections from the 
stem on, we cannot assert that we have identified it In this piece three, there 
IS in the ordinary ventricular musculature, including that of the ape\, a con- 
tinuation of the same lesion (an infected infaict) as described for the othei 
pieces from the \entnculnr septum, nanielj’, pieces two and foui In that por- 
tion of the loft limb winch was marked with India ink there was no cellular 
infiltration, but ventral (anterior) of this region there is some infiltration of the 
endocardium and subendocardial musculature where it is not unlikely that the 
left branch is involved Similarly there is infiltration of the endocardium and 
subendocardial musculature in the ape\ On the other hand tliere is no cellular 
infiltration of the posteiior papillarj muscle of the left side Manj”^ of the cells 
under the epicardium and endocardium of the right and left ventricle and of the 
posterior papillarj' muscle are broad and pale and vacuolated, some of these may 
be Purkinje cells, possibly some Purkinjc like because of the direction in which 
thej' are cut and others perhaps because of a Purkinje cell variety of muscle 
atrophy” Some of the nuclei of the cells are of the swollen type with unevenly 
distributed chromatin and iiicgulai margins The coats of the blood-vessels pre- 
sent an increased amount of connective tissue 

The anterior papillary muscle and chordae tendineaeof the right side (Block 5) 
are normal except for some nuclei of the swollen type, the base of the anterior 
papillary muscle of the left side and undei lying ventricular wall (Block 6) pre- 
sent pus cells in the epicardium and subepicardium and sclerosis of the tivo inner 
coats of the vessels 

In short, an almost negligible number of lymphocytic and a still lesser number 
of polymorphonuclear cells have invaded the auriculoventncular system, and that 
IS all, therefore from an anatomical standpoint the conducting mechanism is in 
a condition to functionate, but from a physiological viewpoint the sclerosis of 
its vessels and the presence of even but a few pus cells in the junctional tissue 

12 According to Nagayo [in Beiter z path Anat u z allg Path (Ziegler’s) 
1909, xlv, 295] the stripes seen macroscopically are due not only to the pres- 
ence of the branches of the conducting system, but also to bundles of smooth 
muscle fibers 

13 Cohn and Lewis Heart, 1912, iv, 24 
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and finally the neighboring infected infaict suggest an inefiiciencj of ciieulation 
and an abnormal condition sufilcient to account foi heart block 

DISCUSSION 

Ihe scleiosis of the coionaiy aiteries and its branches in these three 
aged patients suggests that an inadequate ciiculation played a part in 
the production of the siTOptoms of Adanis-Stokes syndrome in all thiec 

As Mas expected in arteriosclei otic heaits, some inciease of the cells 
in the interstitial tissue uas obscr\ed, but \vc do not knoiv ivhat ma'N 
haie been its significance in these cases 

If these are tliiee cases of heart-block, as is suggested by the Adams- 
Stokes s}ndiome, then they foim a senes. Case 1 ivitli an absolute break 
betueen the stem at its bifui cation and the two limbs right and left. 
Case 2 ivith its inadequate auiiculonodal junction and Case 3 vithout 
a break in the contmuify of the auiiculoientiieulai sjstem 

In the first case desciibed, a lesion to account for heart-block uas 
seen, tberp uas complete tiansieise destruction of the tissue of the 
bundle of His In tbe second case, it is impossible to state to ivhat 
extent the scleiosis of the smu-auiicular node and the fact that the 
auriculonodal junction is slight, affected the functions of the hear! 
And in the other case, tliough histological iniestigation bi ought to light 
no such lesion of the auiiculoientiiculai sjstem (i e, paitial oi com- 
plete bleak in its continuity), as has been fieqiiently legaided the ulti- 
mate anatomical basis of the affection, jet the findings aie indicatne of 
such a distuibed ciiculation and abnoimal condition in the neighboi- 
hood of the conducting appaiatus as might profound!) influence its 
functional capacity 

su:MjrAitY 

1 The heaits of tliiee patients iiith Adams-Stokes sjmdiome pie- 
sented, the fiist a calcific mass m the legion of the auriculoventriculai 
bundle, tbe second no gioss lesion acioss the conducting sj'stem to 
account for the symptoms, the thud infaiction of the lentiieular septum 

2 The fiist patient is lepoitcd to haie denied a syphilitic historj^, in 
the second case the past liistoiy is not gnen, and the thud patient is said 
to have had no lues All thiee iveie uell along in j'^eais with some 
sclerosis of the vessels and some inciease of cells in the interstitial 
tissues 

3 The most noteuoith) lesions in each case iveie in the first, an 
absolute break in the course of the stem of the aurlculo^ entricular sys- 
tem, in the second, the sliglit auiiculonodal junction and a sclerosis of 
the smu-auriculai node, in the thud, an infected infarct of the ordinary 
ventricular musculatuie neai the junctional tissue 
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4 The possibiht}’ of insufficient ciiculation and of a lesion in the 
ordinary ventricular musculatuie as agents in the production of heart- 
block, are suggested 

We are greatly indebted to Dr W G MacCallmn and Dr L F Bishop for 
the prnilege of describing these cases and to Dr A E Cohn for his valuable 
suggestions 



THE INTEAMENINGEAL TEEATMENT OF TABES AHD 
CEEEBEOSPINAL SYPHILIS 

THOMAS E BOGGS, MD, and E E SNOWDEN, MD 

BAtTIMOBC 

The treatment of syphilis of the central nervous system has always 
been unsatisfactory The cerebrospinal system is a closed one, and the 
diffusion of drugs from the circulating blood mto the cerebrospinal 
fluid IS slow and incomplete For this reason organisms which have 
invaded the nervous tissue or meninges remain more or less protected 
from the drugs which may he present in the vascular system For a 
number of years the desirability of the direct application of antisyphilitic 
drugs has been recognized Horsle}'^ went so far as to advocate the 
“heioic” treatment of opening into the subdural space and washing out 
with mercuric chlorid (1 1,000) solution, but this piocedure proved too 
irritating 

With the advent of salvarsan and neosaharsan, hope uas entertained 
that this theiapeutic agent could be injected intraspinally , but investi- 
gation showed that it also damaged the tissues Wechselniann- found 
that small amounts (1 mg ) when injected into the brains of dogs and 
rabbits at a concentration of 1 500 and 1 1,000 pioduced convulsions, 
weakness of the limbs and death in from two to fourteen daj s , but small 
doses, from 0 5 to 0 25 mg , in greater dilution (from 1 2,000 to 
1 4,000) caused no reaction Later he reported® the intiaspinous injec- 
tion of neosalvarsan in four patients without reaction, giving each from 
0 5 mg to 3 mg Marinesco^ reports thirteen cases in which neosalvar- 
san was given intraspinally, the dose averaging about 5 mg In two 
patients no reaction occurred, but in the remainder the reaction was 
severe, thus, eight patients developed incontinence of mine oi retention, 
three showed weakness of the extremities and in one case anesthesia 
of the rectum, legs and buttocks occurred Ellis and Swift® have 
carefully studied the effects of the intraspinous injection of salvarsan 
and neosalvarsan in monkeys They injected small quantities and con- 
sidered the cell-count as an indication of reaction due to irritation 

* Submitted for publication Dec 30, 1913 

* From the Medical Clinic of the City Hospital at Bay View 

1 Horsley, V Neurol Centralbl , 1910, wiv, 257 

2 Wechselmann, W Die Behandlung des Syphilis mit Dioxydiamidoarseno- 
benzol, “Ehrlich Hata 606,” Berlin, 1911, p 11 

3 Wechselmann, W Deutsch med Wchnschr , 1912, \wviii, 1446 

4 Marinesco Diatet u physik Therap , 1913, vvn, 194 

5 Swift and Ellis Jour Exper Med , 1913, xviii, 428 
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They found that the intraspinal in 3 ection of even minute quantities 
(0 2 mg ) produced profound cellular reactions which persisted over ten 
days, while 3 2 mg caused, in one monkey, paralysis of the hind legs, 
which lasted seveial months The injections of neosalvarsan were, on 
the uhole, less severe, hut still gave evidence of irritation in doses as 
small as 0 045 mg Repeating the injection seemed to increase these 
effects 

The study of the effects of the intravenous or intramuscular injection 
of salvarsan brought to light a very important fact Plaut” showed that 
the serum of patients who haie received salvarsan exerts a definite anti- 
sjphilitic effect, whereas normal serum has no such activity, and the 
serum of patients treated ivitli lodids and mercury has very little such 
power Meirowsky and Hartman" and Gibbs and Calthrop® treated 
cases of syphilis with good results by injecting subcutaneously serum taken 
from other patients who had received salvarsan In the same way Henry 
Alsten® successfully treated several cases of frambesia Ellis and SwifP® 
took up the stud} of this serum and showed that, when taken from the 
patient within six hours aftei the salvaisan injection, it inhibits the 
growtli of the Ticponema pdlhdwn, but if taken before treatment, or 
from six to twcntj-four hours after treatment, there is no inhibition 
They also repoited beneficial effects from the intraspinal injection of this 
serum, with very few irritative phenomena 

This spirochetacidal activity of salvarsanized serum was further 
studied by Gonder,“ Castelli,^- and Ellis and Swift,” who showed by the 
use of animals that it had a marked effect on the virulence of several 
spirochetes, and that this effect was demonstrable only by the injection 
into animals of the organisms so treated Thus, Swift and Ellis” showed 
that the serum of rabbits treated intravenously with salvarsan, and the 
serum of patients treated likewise with salvarsan or neosalvarsan exerted 
an inhibitory effect on the Spirochaeia dtiUom^ and that these spiro- 
chetes did not appear objectively (dark field) changed, but they would 
not cause infection in animals into which they were injected These 
mvestigatois also found that heating the serum at 56 C (132 8 E ) for 
half an hour markedly increased the activity of the serum, and that this 
increase is due only in part to the destruction of some inhibiting sub- 

G Plaut Deutsch med Wcliuschr, 1910, xxxvi, 2237 

7 Meirowsky and Hartman Med Klin , 1910, vi, 1572 

8 Gibbs and Calthrop British Med Jour, 1911, i, 809 

9 Alsten, Henry British Med Jour, 1911, i, 360 

10 Swift and Ellis New York Med Jour , 1912, xcvi, 53 55 

11 Gonder, K Ztschr f Immunitatsforsch , Ong , 1912, xv, 57 

12 Castelli, G Ztschr f Chemotherap , Ong, 1912, i, 122 and 167 

13 Swift and Ellis Jour Exper Med , 1913, xvm, 435 
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'?tanee They also showed that the cerebrospinal fluid does not possess 
these inhibitory bodies 

The intraspinal injection of serum, taken an hour after the intra- 
^enous administiation of salvarsan, was flrst employed by Swift and 
Ellis as a method of treating cerebrospinal sj'philis Their technic^* 
was, in biief, the following One lioui after the intravenous injection of 
salvarsan 40 c c of blood aie withdrawn diiectly into a bottle-shaped 
centrifuge tube, and allowed to coagulate, after which it is centrifugal- 
ized The following day 12 c c of this serum are pipetted off and 
diluted with 18 c c of normal saline solution This 40 per cent solution 
IS then heated at 56 C for half an hour By lumbar puncture the cere- 
brospinal fluid IS withdiawn until the pressuie is reduced to 30 ram 
(water), after which enough of the serum solution is run m by gravity 
exactly to replace the cerebrospinal fluid withdiawn 

During the past year and a half the eases of eeiebrospmal syphilis 
in the City Plospital at Bay View have been treated along the lines laid 
down by Ellis and Swift, with one important change — we injected undi- 
luted seium in laige quantities (25-35 cc ) Thus, there was given, in 
manj instances, twice as much actual serum at a single injection as was 
given by Ellis and Swift The technic was the following Salvarsan, 
0 6 gm , was given intravenously, having been made up in water distilled 
within an hour of time of using, and the solution was injected at once 
One hour later from 75 to 100 c c of blood were withdrawn into a large, 
steiile tube, and this was set aside to clot After from one to eighteen 
hours the serum was pipetted off and centrifugalized at high speed foi 
fifteen minutes in older to thiow doivn any red blood-coipuscles piesent 
The serum was then heated in a watei-bath at 56 C for half an hour 
and the intiaspinal injection made at once A lumbar puncture was 
done and the spinal fluid was slowly and carefully drained off into a 
graduated steiile cylinder Not moie than 35 c c were lemoved The 
serum was then injected, a syiinge and two-way stop-cock being used, 
the seium being diawn back into the syringe from the flask and then 
slowly injected through the needle Great care was taken not to use 
anj’’ undue pressure in lunning m the serum Enough was injected 
to replace exactly the amount of spinal fluid removed, whether this was 
only a few cubic centimeters or as much as 35 c c After the injection 
all pillows were removed, the foot of the bed elevated and the patient 
kept on his back in this position for at least an hour The tieatments 
were repeated at intervals of seven to twenty days, when possible, depend- 
ing in part on the way in which the patient reacted 

The biief protocols of eight unselected cases aie appended as illus^^ 
trative of the method, with note of some of the difSculties and dangers. 


14 Swift and Ellis The AncHi\ES Int Med, 1913, xu, 331 
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and the results achieved. Some cases aie still undei treatment at the 
time of this lepoit 

UEPOKT OF CASES 

Cash 1 — An unmarried colored laundress aged 37, ^\as admitted suffeimg 
from Icitiaij sjpliilis iMtli cerebrospinal infection and syphilitic cerebral 
thrombosis 

Ihsioiy — The primary infection occurred tuenly ycais before onset of present 
illness No secondaries shoued but tertiar}' lesions appealed duiing the past five 
jeais The patient had had slight, iriegular mercurial treatment during past five 
3 cais Seieie fiontal headaches had e\isted for a uoek before admission, with 
the de\elopmont of flaccid, leftside paralj’sis, vliicli came on suddenly eighteen 
hours before admission vith no loss of consciousness or convulsions 

EvaiuviaiiO )} — Complete left side paraljsis, which included the muscles of the 
face, aim and leg, vitli moderatelj exaggerated deep leflexes and positive 
Babinski’s sign Nock stiff and letiacted Seieral large luetic uleeiations over 
lover abdomen 

Treatment and Result — After admission the patient vas given three injec- 
tions of salvaisan and two intraspinal injections In the first treatment blood was 
withdiawn se\cnts-two hours after the injection, and in the second twenty-four 
hours after injection When discharged the patient waas normal physically except 
for a slight residual paialysis of the flexors of the left forearm and a left pes 
equinuB On admission the cerebi ospinal fluid show’ed twenty cells per cubic 
millinictei , when discharged there were seven cells per cubic millimeter Wasser- 
mann was posituc on admission, negative w'hen patient was discharged 

CASr 2 — A married, white wandow-wmsher aged 44, w’as admitted ill with 
tabes dorsalis 

IliAtoty — Piimaij infection had occui red twentj icars befoie admission The 
piesent illness began fne j'cars before admission with shaip, shooting pains m 
the legs Ex ti erne ataxia had dei eloped in past two 5 ears The patient had had 
SIX weeks’ treatment m a German aimy hospital at the time of primary chancre 
About two months later he was given another short course of lodids and mercurj' 

ExammaUon — No sphincter disturbances Argyll Robertson pupils present, 
knee-jeiks absent, muscle sense in legs much impaired, maiked ataxia, causing 
great difficulty in walking 

Treatment and Result — ^Tw'O intravenous injections of salvarsan and two 
intraspinal injections w'cre given with consequent improvement On admission 
the patient was verj'- ataxic and suffering severely with lightning pains Aftei 
the second treatment the lightning pains had ceased entiiely and he could walk 
much better lie felt so much improved that he refused to lemain for further 
treatments 

Case 3 — An unmained wdiite man, a clerk, aged 37, on admission was found 
to be afflicted with tabes doisalis 

Ihsioiy — The piimary infection had occui led nine years prior to admission 
and seven j^ears before onset of present illness, wnicli was accompanied with 
lightning pains, giadually inci easing unsteadiness in walking and dimness of 
vision Bladder symptoms developed about a year aftei onset At the time 
of the primary chancie the patient had local treatment and took pills by mouth 
for one month, duiing the past eighteen months, mercuiy and lodids continu- 
ously One year ago he was given an intiamuscular injection of salvarsan and 
a second thice months later 

Examination ■ — Argyll Robeitson pupils Geneial enlargement of lymph-nodes 
Knee jerks absent, muscle sense completely absent in the legs, moderate dulling 
•'’ot tactile and pain sense Romberg sign maikedly positive Positive Wasser- 
mann in blood-serum and spinal fluid and ten cells per cubic millimeter in spinal 
fluid 
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Treatment and Result — Four intravenous injections of salvarsan, three of 
neosaharsan, and six. intraspinal injections were gnen Total salvarsan 2 7 
gm , serum IIC cc, time, seventy nine days On admission the patient was 
unable to walk on account of the ataxia At present he walks faiily well with 
out assistance He is now free from the lightning pains The cells in the spinal 
fluid dropped from ten to six per cubic millimeter, and Wassermann reac- 
tion has changed from complete hxation to a very faint fixation Hie reactions 
were very severe, prostrating the patient, and for this reason the treatments 
were discontinued 

Case 4 — An unmarried, white salesman, aged 37, was admitted with cere- 
brospinal syphilis and syphilitic lateral sclerosis 

History — The primarj'' infection was incurred fifteen years before onset of 
present illness two and a half years ago, when unsteadiness in w'alking developed, 
soon followed by weakness and stiffness of the legs Paresthesias, numbness, 
girdle sensations and bladder sj-mptoms developed within eighteen months The 
patient has had several short mercurial courses bj mouth and by inunction 

Examination — General enlargement of Ijmph-nodes Pupils unequal but react 
normally Knee jerks greatly exaggerated on both sides, ankle clonus present 
and Babinski sign positive Pegs stiff and spastic and held in adduction 
Patient walks with difficulty Wassermann on blood serum, CO per cent fixation 
Positiv’c Wassermann and twenty-fiv-e cells per cubic millimeter in cerebrospinal 
fluid 

Treatment and Result — Two intrav'cnous injections of neosaharsan six of 
salvarsan and eight intraspinal injections were given, total salvarsan, 3 9 gm , 
serum 178 cc , time, 195 days (two admissions) On admission the patient was 
so spastic as to be unable to stand on his feet and he was suffering seveiely with 
girdle sensations These disappeared immediately and the spasticity became 
distinctly less marked until he can now walk without assistance and can go up 
and dowm stairs In the spinal fluid the cells have fallen from twentv five to 
five per cubic millimeter, and the Wassermann from complete fixation to very 
faint fixation 

Case 5 — A manied white man, blacksmith, aged 45, was admitted with tabes 
dorsalis, partial optic atrophy and tertiary- syphilis 

History — Primary infection appeared as a chancre twenty-two years befoie 
aumission Present illness began four years before admission with dimness of 
vision, soon followed by lightning pains which have gradually become more and 
more intense Unsteadiness in gait has developed during the past two years, 
no sphincter disturbances At the time the chancre appeared a few local applica- 
tions of calomel powder were made, no medicine w-as given internally During 
tlie past four years the patient has had more or less continuous treatment with 
mercury and lodids 

Examination — ^Moderate enlargement of lymph-nodes Aigvll Robertson 
pupils and primary optic atrophy Knee jerks absent, moderate ataxia of legs 
Positive Wassermann and thirty-five cells pei cubic millimetei in spinal fluid 
Wassermann in blood serum negative 

Tieatment and Result — Eight intiavenous injections of salvarsan and eight 
intraspinal injections were given , total salv arsan, 4 gm , serum, 204 c c , time, 
108 days This patient had been unable to work for six months on account of 
the severe lightning pains After the first treatment he was entirely free fiom 
pains except for one mild attack Tlie cell count in the spinal fluid fell from 
thirty-five to five per cubic millimeter, and the Wassermann from positive to 
negative 

Case 6 — A white man, bookkeeper, widower, aged 54, was admitted suffering 
from tabes dorsalis 

History — Primary infection occurred twenty-four years prior to admission 
Initial lesion was not known, possibly a chancre Two y-ears before admission 
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the patient lind an acute retention of urine, and cvnmination at that tune showed 
lnnch^e pupils, knee-jerks faint, bladder atonic and anesthetic, and a positive 
Wasscnnniin in spinal fluid Eighteen months ago he began to suffer with severe 
pains in the back, coining on in paroxysms about every half hour, worse at night 
A hemiplegia, three jears ago has cleared up almost completely, the right side 
haMng been imohcd Ihe patient has had se\eral short courses of lodids and 
mcicurv by mouth during the past two 3 cars 

Eravnnafton — Argjll Robertson pupils Unilateral sweating involving the 
whole left side of the head and neck Slight residual weakness and exaggeration 
of reflexes of right arm and leg Knee jerk almost absent on left Wassermann 
in blood scrum negatne Positive ■\Vns6erinann and sixty-tivo cells per cubic 
millimeter in spinal fliiid 

Treatment and Result — Two intraxcnoiis injections of neosalvarsan, seven of 
saharsnn and nine intraspinal injections were given Total 3 9 gm , serum, 
18G cc , time soi enlj -se\ cn dajs When admitted the patient was almost pros- 
trated on account of the scicre and constant pain in the back This steadily 
became less intense and the jiaticnt was quite comfortable wdien discharged The 
cells in the spinal fluid fell from sixty-two to four per cubic millimeter and 
the Wassermann changed from positne to negative 

Case 7 — An unmarried colored man, a cook, aged 45, w’as admitted under 
diagnosis of tabes dorsalis with optic atrophj' 

History — ^Ihe prinnrj infection had occurred twenty-seven years before onset 
of present illness, which began fnc jears before admission, -with unsteadiness and 
wcnkncB'i of the legs, the subsequent history is typical There has been inconti- 
nence of urine for three years Lightning pains ha\e been constant but not 
sc\ere Numerous gastric and larjTigeal crises have occurred during the past 
scar The patient has had failing -vision for eighteen months For the past 
sear the ataxia has been ^o severe that he has been practically helpless The 
patient had a short course of local treatment at time of chancie, mercury and 
lodids bv mouth during past jear 

Examination — Patient grcatlj’ emaciated Complete loss of muscle sense in 
the arms and legs with exaggerated ataxia of the muscles of the face, arms 
and legs Argjll Robertson pupils Deep leflexes of arms and legs absent 
Wassermann in blood serum negative Positive Wasseimann and thirtj'-six cells 
per cubic niilliinctcr in spinal fluid 

Ticatmenf and Result — Three intravenous injections of salvarsan and tw'o 
intraspinal injections were given Total saKarsan, 12 gm , serum, 35 cc, 
time, thirtj-six dajs Patient suffered an extreme reaction after the second 
intraspinal injection which was cliaractcri/ed by severe respiratory depression 
Immediately after the injection, at 4 p m , it was noticed that the patient seemed 
slightly dared and did not answer questions so quickly as usual, although he 
was perfectly rational Twenty minutes later the mouth began to twitch and 
pull to the right, the eyes turned to the right, and the right arm and leg began 
to jerk slightly The respirations suddenly dropped to four a minute, and weie 
'V'crj’’ irregular, the sequence usually being two or three spasmodic respirations 
followed by a long period of apnea, sometimes lasting three quarters of a minute 
The jerking and twitching soon ceased and the patient became quite flaccid At 
0 p m it became neeessary to give artificial respiration for about half an hour 
A lumbar puncture was done at 7 p m , and 10 c c of the spinal fluid, tinged 
with the serum, were allowed to drop out At 8pm another puncture was 
done and the spinal canal w^ashed out three times with normal saline It was 
noticed that the intraspinal pressure varied with the respirations in the normal 
manner, and there was no noticeable change in the condition of the patient 
when the canal w'as drained or filled with 36 c c of normal saline The condition 
of the patient remained about the same until lam, when he suddenly sat up 
in bed, recognized those about him and talked rationally In about fifteen min 
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iites ho ngiin suddenly eanh into appaient coma, yith spasmodic and irregular 
respiiations, foui oi fi^e to the niinule, and remained thus until 4 a m, -when, 
as befoie, he suddenly lecoieied, u is peifectly lational and showed no signs of 
weakness hen questioned tlie patient asseited he was entirely eonscious at 

all times and told with a fan degioc of aceuiacj' what was done and who was in 
the loom He sufleied no pain, but simply could not bieathe although he felt a 
gieat desire to do so llie ne\t day lie was as well as usual Ko more treat- 
ments weic gnen and he left the hospital in a week, unimproved 

Case S — An unmaiiied white man, a painter, aged 47, was admitted siiffei- 
ing from cerebrospinal syphilis 

Eistoiy — The priniai*^ infection occuired twent'\ siv yeais hefoie admission 
The patient was admitted on account of acute alcoholism When examined tlic 
ejes show'cd Argjll Robertson pupils For the past jcai he has sulleied with 
pains in the hack and giddiness The patient had a short course of local ticat- 
ment at time of chancie 

Examination — Reflexes all noimal, kneejeiks active Wassermann on blood- 
serum negatiie FaintR positne Wasseimann and fiftj-four cells pei cubic 
millimeter in spinal fluid 

Ticatment and Result — Four intiaxenous injections of saharsan and four 
intraspinal injections weie guen 'lotal saharsan, 2 4 gm , serum, 118 cc, 
time, thirt'^ six days The cells in the spinal fluid dropped from flftj -three to 
ten per cubic millimetei , the Wasseimann icmained positive The patient felt 
perfectly well and could not be induced to remain longer in the hospital 

Fiom the foiegoing cases it is evident that the intraspinal metliod is 
a step fonvaid in the tieatmeiit ol tabes and cerebiospinal syphilis The 
patients weie uniformly rclieted fiom pain, and as far as locomotion is 
conceined theie was a slow but definite impiovement, in some instances 
amounting almost to lestitution to normal It is in this respect that 
our cases seemed to do better than those of Swift and Ellis, peihaps on 
account of the larger do^es of seium 

The psychic effect of the treatment is also marked The patients 
became encouraged by the quick relief of pain and the first improve- 
ments in the control of motion and were faithful in then efforts to use 
the legs and piactice ualking, stair climbing, etc The nutrition also 
lapidly impioved under these stimuli In fact, this veiy improvement 
was a hindrance in our senes, for with the class of people under our caie 
it was in most instances impossible to keep them in the hospital long 
enough to carry the treatment as far as we should have liked to do 

The effect of the treatment on the cerebiospinal fluid was very strik- 
ing The cell-count first fell to normal, the Wassermann reaction becom- 
ing negative some time after the cells were reduced It has seemed from 
oui observations that the Noguchi reaction was of little value during the 
carrying out of this treatment, since such large amounts of globulin weie 
injected into the spinal canal At any rate, the Noguchi reactions were 
positive, in most instances, after the cell-count and Wassermann mdi- " 
eated a normal fluid 

Where the patients are intelligent enough to appreciate the necessity 
for repetition of the treatment until the biologic indices of normal are 
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maintained, theie need be but transient interruptions of regular occupa- 
tion, lasting foity-eiglit to seventy-two hours as a lule It is also true 
that uhile the iisks are minimal, they do exist and in all probability 
leiy feeble, advanced tabetics oi veiy acute cases of cerebrospinal lues 
should not be treated in this way 

In those of oui cases whicli were treated with the undiluted serum 
the leactioiis weie sometimes more seveie than those reported by Swift 
and Ellis — pain in the abdomen, legs and lectiim, with occasional nausea 
and vomiting oi dizriness, and in a few instances a little fever We do 
not feel, howciei, that these constitute any contia-indieation to the 
laigei doses of whole serum, especially in the light of the apparently 
gieatci benefit to the patient The reactions produced by the in3ection 
of the sahaisanwed seiiini from another patient were leiy severe, as 
shown b}' two of oui cases, the donors of the seium receiving an equal 
quantity of the same lot, at the same time and in the same way, having 
no leaetion at all 

It IS quite evident that so indirect a method of applying arsenic in 
the tieatment of syphilis of the cential nervous system cannot be con- 
sidered as final, but we believe it is an advance on what has gone before 
and a spur to the findings of new piepaiations or new methods more 
suitable foi the accomplishment of the desired results 

15 One of us lias treated by tins method a tabetic with diabetes melhtus The 
patient Mas told of the risk, but wanted to take any chanee lie had had fire 
pioMous intiavenous treatments Mitli salvarsan Eighteen hours after the injec- 
tion of 20 c c of salvarsani7ed scrum he developed diabetic coma and ivas very 
ill for five days, when a large intraienous transfusion of sodium carbonate and 
glucose turned the scale and he recovered from the coma He was not benefited 
by the treatment cveept in the disappcaiance of the lightning pains 



TWENTY-THEEE CASES OF PNETBIONIA TEEATED WITH 
ANTIPNEUMOCOCCUS SEEUM 

WILLIA]\I K WILLIAilS, MD 
Attending Physician New York Hospital 
NnW TOBK 

Through the cooperation of the Eescarch Laboratoiy I was able to 
give a senes of patients suffering fiom lobar pneumonia an antipneu- 
mococcus serum, and although the results were somewhat inconclusive, 
it seems desirable to publish them 

The series includes piactically all of the pneumonia patients admitted 
to the service of the Second Medical Division of New York Hospital 
during the period of the test This division receives all medical patients 
admitted to the hospital on the even days of the month, while those 
admitted on the odd days go to the first division Although this method 
of assignment does not give a strict alternation of patients, 3 et it seemed 
justifiable to use the patients on the first division as controls, inasmuch 
as none of them received any serum 

The serum was taken fiom a horse immunized against many strains 
of pneumococci ^ Usually it was injected directly into a vein of the arm 
at a tempeiature about that of the patient This rule was departed from 
and the serum was given subcutaneously to two children on account of the 
diflSculty of entering the vein with the needle, and also when second 
and later doses were gi\en to four adult patients who had received the 
initial dose intravenously The first doses foi adults in the earlier cases 
was 100 c c This was increased later until, in one instance, an initial 
dose of 300 c c was given Many of the patients received more than one 
dose so that the total amount of serum that an individual received ranged 
from 50 to 750 c c This maximal quantity ivas given in six doses spread 
over a period of fi\e days 

A complete demonstration of the nature of the infecting organism 
was not essayed Blood-cultures, however, were made in eleven cases 
Only one of them (Case 11) showed the pneumococcus, the others being 
negative In Case 6, pneumococci were cultivated fiom pus from the 
pleural cavity Cultures were made from the sputum in seveial 
instances ^ The diagnosis was based on the clinical evidences of pneu- 
monia, special weight being given to the piesence of rusty sputum and 

* Submitted for publication Jan 28, 1914 

* From the New York Hospital and Eesearch Laboratory, Department of 
Health, City of New York 

1 See Notes on Serum, Cultures, Etc , following 
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tlie physical signs of a definite consolidation of the Inng In every case 
the subsequent couise of the illness confirmed the diagnosis of lobar 
pneumonia and strengthened the probability of the existence of a pneu- 
mococcus infection. 

The chief points of note in these cases are given in a very condensed 
foim in Table 1, together with the details of the dosage of the serum 
The time of onset of pneumonia is not uncommonly indefinite Many 
patients gl^e a history of an indefinite illness lasting foi several days, 
during which time they may not have been confined to bed continuously 
This may cxplam the duration of some of the more protracted cases of 
this series Most of the patients, however, gave symptoms that fixed the 
beginning of the pneumonia wuth a reasonable degiee of accuracy 

A review of the data of Table 1 shows that the series included twenty- 
three cases with sixteen recoveries and seven deaths, a moitality of 30 5 
per cent Of the seven patients who died, three were alcoholics, one of 
whom had sufCeied from two pievious attacks of pneumonia, and all were 
very actively delirious A fourth death was that of a baby (Case 4), 
who, in addition to pneumonia, had multiple abscesses of the scalp, 
double purulent otitis media, and empyema followed by pneumothorax 
The remaining three deaths seemed to have been due to the frank inten- 
sity of the pneumonia 

Of the sixteen patients who recovered, eight had defervescence by 
crisis and eight by lysis The cn.^sis occuired on the following days 
fourth, fiftli to sixth, sixth, seventh, ninth, eleven tli, twelfth, and on the 
eighteenth to nineteenth The onset of the lysis in the other cases in 
which the patients recovered occurred on the following days sixth, 
seventh (three cases), eighth, tenth and on the thirteenth day In the 
remaining cases the onset of the lysis was scarcely definable because the 
fall of temperature was so gradual Five patients had complications 
In one instance this was serous pleurisy (Case 5) In cases 6 and 19 
empyema developed In Case 4 the signs and symptoms were those of 
empyema, but an exploratory puncture failed to find the pus On the 
next day, however, there was evidence of pneumothorax, and on operation 
considerable pus was found Two days later the child died with edema 
of the lungs She was extremely ill from the time of admission and had 
in addition to the pleural complications, double otitis media for which 
the drum membranes were incised, and also many abscesses of the scalp 
Otitis was detected in Case 18 also The senes ofiered an opportunity 
to observe the effects of the administration of large and frequent doses 
of horse-serum that had not been refined m any manner and that con- 
tained no preservative except a trace of chloroform ^ Usually no imme- 
diate effects could be detected and the infection of the serum was 
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Condition ' 

of Patient , 



Case 

No 

Sex,* Age in 
Years, Habits, 
Etc 

Day of 
Admission 

Im asion 

Temperature 

Pulse 

Pcspi ration 

Site 

Lesion 

Blood- 
Culture, Etc 

1 

$ 12 

3 

Chill 

T 104‘’-5° 

P 132 

R 28 

L L 

Sterile 

2 

9 1% 

15 (?) 

Chill 

T 104 8“ 

P 160 

R 60 

R U 

L U 


3 

$ 41 

Alcoholic 

8 

Chill 

T 103° 

P 124 

R 48 

R JI 

R L 


4 

9 5 

6 

i 

T 106° 

P 140 

R 48 

R U 

• 

5 

S 26 

2 

Chill 

j 

t 

T 106° 

P 116 

R 28 

L L 

Sterile 

6 

$ 17 

4 

Chill 

T 105° 

P 128 

R 40 

R L 

Sterile 

7 

$ 30 

5 

Chilly 

T 103 6° 

P 108 

R 32 

R U 

R M 


8 

$ 30 

2 

Chill 

T 105° 

P 112 

R 24 

R U 

Sterile 

9 

9 29 

2 

Cough, pain 

T 103° 

P illO 

R 40 

R L 

Sterile 

10 

$ 46 

7 

Chill 

T 104 6° 

P 108 

R 32 

L L 

Sterile 


In this column $ denotes male and $ female 










— OP Cases 


Serum Administration 


Outcome of Disease 






Serum 



Day of 
Disease 

i 

Dose, 

Methods 

Eflect 

i 

1 

Termina- 
tion of 
Case 

Sickness 
and Day of 
Disease it 

Complica- 

tions 

Remarks 


1 



Appeared 



4 

50 c c 

Chill 

C r 1 s IS 4tb 

P u r p uric 


Crisis a few hours after 


intrav 

T 3°+ 

day R e- 
coi eiy 

lash, aith- 
r 1 1 1 s 8th 
day 


serum 

15 

30 subc 


Crisis 1 8tb 


First and second injec- 

16 

30 subc 


and 1 9tb 



tions without effect 

17 

30 sul)c 

1 


d a y e Re- 
covery 




8 

100 intrav. 

T 2°+ 

1 

Resolution 



Patient alcoholic, acute 

9 

100 intrav 

Death 19th 



delirium, edema of 

10 

100 intrav 


da 3 ’ Temp 



lungs Serum with- 

11 

100 intiav 


rose 4°, 
edema of 



out effect 




linings 




G 

30 subc 

T 2°— 

Death 

E r ythema 

Abscess of 

Serum without any deft- 

7 

60 subc 

T 3°— 


lOtli day 

scalp, otitis 

nitc effect Patient 

9 

45 subc 



media tventy- 

\ery ill on admission 

11 

50 subc 




ft r 8 t day. 

14 

50 subc 


i 


p -y 0 pneumo 
thorax, 600 
c c pus Ede 
ma of lungs 
t w e 11 t y- 





i 


fourth day 

No definite effect of 

3 

100 intiav 


Recovery 

U 1 t lean a 

Pleurisy with 

4 

100 intrav 


fever 1 7th 

effusion 15 0 

serum Temperature 

5 

100 intrav 



day 

c c aspirated 

fell by lysis after last 

5 

100 intrav 




injection 

6 

160 intrav 






7 

200 intrav 


1 

! 


Temperature fell giadu- 

4 

100 intiav 

T 2°— 

Recoveij' 

! 

Empyema 

7 

160 intrav 



(Pneumo 

ally after first injec 

8 

200 intrav 




coccus) opei- 

lion No effect from 

10 

200 intrav 

T 3° 4- 



ation 

latei injections 

G 

1 

200 intiav 

T 3 5°— 

Rei 01 el y 

E r ythema 


Sharp chop m T, P 


ICth day 


and R immediately 
aftei serum 




3 

80 intrav 

Edema of 

C r 1 s IS 9th 

2Cth day, T 


Patient had symptoms 


lungs in 

d a V Re 

104°, 27th 


of anaphylaxis Se- 



one half 
houi 

covery 

arthritis 


lum stopped, no ef- 
fect 

4 

150 intrav 

Recovei i 



Resolution fourth week. 

6 

175 intrav 





no effect from serum 

9 

200 intrav 


Recoveiy 



Temperatui e fell by 
quick lysis after 







serum 









Table 1 — 


Case 

No 

Se\,* Age in 
Years, Habits, 
Etc 


Condition 

of Patient 



Blood- 
Culture, Etc 

Day of 

1 Admission 

Invasion 

Temperature 

Pulse 

Pcspiration 

Site 

Lesion 

11 


39 

6 


I 

104° 

L 


Pneumo- 


Alcoholic 



P 

100 

L 


coccus 






R 

36 




12 

s 

16 

2 


T 

107° 

R 




In 

extremis 








13 

5 

2 

5 


T 

105° 

L 








P 

136 









R 

40 




14 


38 

6 


T 

103 6° 

R 

u 



Alcoholic , 



P 

124 




15 

third attack 



R 

24 




$ 

24 

8 (?) 


T 

105 4° 

R 

L 

Sterile 





P 

102 



Plasmodium 






R 

32 



malanae 

16 

$ 

24 

3 

Chill 

T 

105° 


L 

Sterile 






P 

144 









R 

40 

H 



17 

$ 

4% 

11 

Chill, cough 

T 

101° 


L 






P 

118 




18 





R 

32 




$ 

30 

6 


T 

105° 

L 

U 



Alcoholic 



P 

128 








R 

44 




19 

$ 

32 

4 

Chill 

T 

104 6° 

L 

L 







P 

120 









R 

44 




20 

$ 

13 

3 

Chill 

T 

102° 

R 

L 

Sterile 






P 

120 




21 





R 

48 




$ 

54 

6 

Chill 

T 

104 8° 

R 

U 

Sterile 






P 

88 

R 

L 


22 





R 

24 




$ 

20 

5 

Chill 

T 

105 6° 

L 

L 







P 

120 




23 





R 

44 




$ 

33 

4 


T 

102 4° 

R 

L 



Alcoholic 



P 

100 








R 

48 











— COIfTIMJrD 


Seuim Admimstiation 

Outcome of Disease 





Serum 



Da'S of 
Disease 

Dose, 

Jletliods 

Effect 

Termina- 
tion of 
Case 

Sicknes? 
and Day of 
Disease it 

Complica- 

tions 

RemailvS 




! 

Appeared 



G 

200 lntla^ 


Death 



No effect of serum on 







T , P and R Died 
three days later 

3 

loO intia% 


Death 



Died in eighteen hours 

S 

100 ll■^i^a^ 


Cull'S 1 2th 

Ely thema 


No effect from serum 


j 


d a Re- 

14th day 


Crisis fouith day 




covery 


after serum 

G 

150 lntr'l^ 

T 2°— 

Do ith 


E d e m a 0 f 

Temperatuie rose stead- 


1 




lungs 

ily , died eleventh 
day 


250 mtra\ 

T 4iA°— 

Death 



Temperature fell after 

H 

50 siibc 

1 

1 




first injection, but 
lose again and rose 
after second injection 



4 

250 lntra^ 

T 3°— 

Death 



Temperature drop ped 

5 

50 subc 

1 

1 




after first injection 
and then rose No 


i 





effect of serum 

12 

50 subc 

T 2°— 

Lysis Re 



Temperature fell 2° and 


1 


covery 


! 

then to normal after 





1 


serum 

G 

250 intra-s 


L V s 1 s Re 

1 3t h day' 


Slow lysis Intel rupted 

9 

50 subc 


covery 

rash and 
fever, 10th 
arthritis 


by serum sickness 

4 i 

250 inirav 


Lysis Re 

A r thritis , 

Pleui isy with 

Serum without appar- 

7 ' 

50 subc 


covery 

fever 18th 

effusion 

eiit effect 


1 


day 

tenth day, 700 
cc turbid 
8 e rum , 12th, 
350 c c , 25th 




4 

250 intiav 

General 

C r 1 s 13 6th 

U r t icaria 

pus 

Crisis twenty-four hours 



pains 

to Gtli day 

a f t er two 


after serum 

8 

300 intrav 

Recovery 
Lysis Re 

hours 


Lysis rapid tiventy-four 


i 

covery 



hours after serum 

G 

250 intiav 


C r 1 s 18 6th 

* 


Crisis nine hours after 



to 7th day 
Recovery 



serum 

Crisis twenty-four 


5 

200 mtrav 

rT a n s e a, 

C r 1 8 IS 6th 




vomitinjr, 

day Re- 



hours after serum 



pulse rapid 
and sweat 
ing 

covery 



1 
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tolerated siiipiisingly well In five patients, lioweier, symptoms appealed 
that should be mentioned moie m detail 

Case 1 — A lioj aged 12, received 60 cc of serum intravenously on tlie fourth 
day of his illness A few minutes later the patient had a chill and his temper- 
atuie rose from 104 to 107 2 F This was followed by a startling drop, and within 
six hours of the injection his temperature was 97 C F The fever did not reappear, 
and convalescence was prompt and complete I am inclined to regard this crisis 
as independent of the treatment, but at the time the sequence of events was 
V ery impi essive 

Case 8 — ^The patient v\as a negio, aged 30, a rather heavy drinker and a driver 
of hoises When 80 c c of seium had run into the vein, he suddenly developed 
severe dyspnea, a v erj' rapid and w eak heart action, profuse sw eating and edema 
of the lungs Ihe serum vias at once stopped Within a few minutes the symp- 
toms began to abate and within half an hour the lungs were nearly clear and 
his condition was satisfactory The subsequent course of the pneumonia was 
typical and but moderately severe Six days later, on the ninth day of the dis 
ease, defervescence by crisis occurred Convalescence was interrupted only by 
sjmptoms of serum sickness 

Case 20 — A boy aged 13, during the introduction of the serum complained 
of headache, pain in the abdomen and later in the legs Tlie pulse was acceler- 
ating and the serum was stopped, but not until he had received 200 cc Two 
hours later a profuse urticarial rash appeared on the abdomen and lasted a few 
hours The patient had no late symptoms of serum sickness 

Case 23 — A man, aged 33, a heavy drinker, when 150 cc of serum had been 
given, became nauseated and vomited These sjmptoms ceased in about five min- 
utes and 50 c c more of sei um w ere giv cn. At this time the pulse became rapid 
and the patient broke out in a profuse sw'cat The serum was stopped and in 
a few minutes he was comfortable He likewise had no late serum symptoms 

The efiect of the serum on the leukocytes was determined by frequent 
blood-counts before and after the in 3 ections No constant effects on the 
white cells could be made out The results of some of these counts are 
detailed in Table 2 

Late symptoms due to the serum were noticed in eight patients In 
consideiation of the large doses of unrefined horse-serum, this is not a 
surprisingly large number The symptoms were not usually severe 

Luring the time of this experiment the First Medical Division of 
New York Hospital treated fifteen cases of pneumonia with six deaths, 
a mortality of 40 per cent, as compared with 30 5 per cent for the 
serum cases Of their ten cases with recover}, in six, or 60 per cent, 
there was defervescence by crisis In the serum cases 50 per cent of 
the patients who recovered had crisis Only tw^o of the control cases had 
complications, a percentage of 13 3 In the serum cases five patients, 
22 per cent, had complicating inflammations It does not seem that 
these were due to the use of the serum, but the number of patients with 
inflammations of the pleura (four cases, 17 4 per cent ) is uncomfortably 
large 
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Case 

No 

Dose of 
Serum 

Serum, 
c c 


Leukocyte 

Counts 


Before Serum 

After Serum 

No 

of Cells 

Pci centage of 
Polynuclears 

Hours 

After 

Serum 

No of 
Cells 

Percentage of 
Polynuclears 

Note 

1 

first 

00* 

25,000 

86 5 

2 

19,000 

85 







4 

30,000 

87 

] 






6 

29,000 

81 

5- Crisis 






18 

20,000 

G9 5 

J 






27 

14,000 

44 7 


2 

first 

30t 

15,000 

81 0 

3 

14,500 

65 







5 

12,700 

70 







14 

10,500 

76 



third 

30t 

13,000 

70 0 

2 

12,900 

70 







13 

11,000 

70 







36 

15,900 

71 


3 

first 

100* 

50,000 

94 6 

2 

49,500 

95 







4 

50,000 

91 







1C 

55,000 

97 


5 

first 

100* 

24,400 

85 0 

2 

20,900 

92 5 







4 

25,000 

86 







6 

25,400 

89 







8 

25,900 

88 







10 

24,500 

88 







21 

20,000 

85 


G 

first 

100* 

27,800 

88 5 

2 

20,000 

915 







4 

26,900 

94 







G 

28,800 

93 


10 

first 

200* 

20,800 

93 5 

2 

29,000 

94 







4 

27,000 

93 



' 




6 

23,000 

90 







18 

21,100 



16 

fiist 

250* 

14,000 

80 0 

2 

16,400 

92 







4 

15,400 

89 







G 

12,200 

84 



*Intiavenous injection f Subcutaneous injection 


A study of the results of this treatment leaves one doubtful of the 
influence of the seium, in modifying favorably the course of the 
pneumonia 

Tlie prosecution of tins experimental study necessitated much extra work in 
the wards and laboratory This was performed by the members of my house staff, 
Drs Howard, Kutil, Ailing and Wildman I wish to thank them for their enthu- 
siastic willingness, which made these observations possible 

NOTES ON SERUM, CULTURES, ETC 
CHARLES KRUMWIEDE, JR, M D , NEW YORK 
The serum was prepared by injecting a horse with pneumococci from varied 
sources These cultures were all typical inulm fermenting types They were 
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isolated fiom the mouth m cases of Riggs’ disease, fiom the sputum m cases of 
lohar pneumonia, from empyema, and fiom the meninges and blood of septic 
infections folloiMiig the exanthcms The cultures used \aried from time to time 
As flesh cultuies ■nere isolated the older cultures ivere diopped No attempt 
lias made to raise the iirulence of these cultures by passage tlirough rabbits or 
mice Although this may influence the protects e aalue of the serum for these 
tnimals, it is open to question ■what influence such adaptation to a new host has 
on the cuiative ^aluc in man The cultnation on aitificial medium undoubt 
edlj changes the pneumococci, but how far this influences their abilitj to stimu- 
late curatne substances in the horse is unknown The pin pose was to prepare 
an immune seium against the prc\ ailing stiains of pneumococci, using the 
strains as little icmoied fiom human sources as possible, and to test the aaliic 
of such seium for general use, where the immunological tests on each case would 
he impossible 

The injections at first weic cultures in broth to which was added hoi 'C blood 
Later the cultuies wcie grown on agar and washed off with water At first the 
increasing doses were of cultures which had been heated to 55 C for one hour 
When the dose had reached the ma'vimum decided on, Ine cultures alternating 
with autoljsatc were used The autolysate was prepared bj allowing distilled- 
water suspensions of the cocci to stand in the ice chest for one week The live 
cultuies or the autolysate were added to the heated laccine, in increasing 
amounts, until only the unheated culture or autoljsatc was gneii 

The injections were given once a week subcutaneoush The maximum dose 
equaled the growth on agar in 10 pint Blake bottles The horse was recemng 
the total amount of live and aulohred cocei at the time it was supplied to Dr 
Williams Tlie bleedings weie made eicrj' two weeks Eiery effoit was made 
to supply the fresh serum to avoid any possibilitj of deterioration After the 
serum was drawm from the clot, seieial cubic centimeteis of chloroform weio 
added to each liter In bottling the serum for use, the supernatant serum was 
drawTi off and the lower portion containing sediment and excess of chlorofoim 
discarded 

The material from the cases was examined both for diagnosis, and in the 
hope that the cultuies isolated could be studied for their complement-fixing power, 
with the seium used, and that the proteetion value of the serum could be tested 
on tlie type of pneumococci found This study was not made, partlj’ because of 
other W'Oik, and partly because the strains were found to possess such low iiru 
lence for rabbits When the intraienous inoculation of the growth from one 
blood agar slant was given, only two strains killed, one in forty eight hours, the 
other after ten days Cultures isolated from the heart’s blood of these rabbits 
did not kill other rabbits when a somewdiat smaller dose was used The sputum 
from Cases 18 to 23, inclusne, was examined They all showed an overwhelming 
preponderance of typical pneumococci One case of the series showed the pres- 
ence of an abundance of Streptococcus vnwosns 



BOOK REVIEWS 


Matfuia JIIDICA, PiiAiiM\corA)GT, Tiiebapeutics and Pkescriptiox Writing 
FOR Students and PiiACTinoArRS By Walter A Bastedo, Ph G MD 
Associate in Pharmacologj' and Therapeutics at Columbia Unueisity ’ Cloth’ 
Pp G02 Illustrated Philadelphia and London W B Saunders Co, 1913 

Tlie author bolic\es that we are at the dawn of a new era of simple and prac- 
tical therapeutics as the outcome of the adoption of laboratoiy methods in clinical 
research For this reason he has gncn special prominence to the discussion of 
clinical studies on the action of drugs It is this which gives the hook its most 
striking character, nanielv, that it is right up to date To the busy practitioner 
who has not had the time to keep up with the reading of the vast bulk of cur- 
rent literature tins book ought to be most welcome To the student this book 
ofTers, in a compact and most readable mannoi, a good practical course in these 
subjects perhaps more practical and more useful than most of the other books 
on plla^nlacolog^ and therapeutics at present in use 

It IS perhaps somewhat unfortunate that the author has seen fit to use a 
therapeutic classification, for though it might be admitted that any classifica- 
tion in pharmacology is more or less unsatisfactory the therapeutic classifica- 
tion IS the least systematic for use that is made of drugs is after all more 
or less accidental rather than intiinsic A certain amount of “lack of-balance” 
in the treatment of the \arious topics becomes apparent, as, foi instance, the 
large amount of space gnen to digitalis and the somewhat scanty discussion of 
some of the heai’j' metals Under the heading of Cathartics a very brief dis- 
cussion of the causes of constipation is introduced, which is probably not only 
unncceosary but oicn undesirable in a book of this character Nevertheless 
Bnstedo has gnen us a ^aluable textbook which it seems is destined to make 
a place of its own in this field 


Protein Spiit Products in Belation to Iaemunity and Disease By Victor C 
Vaughan Victor C Vaughan, Jr, and J Walter Vaughan Cloth, price, 
$3 00, one volume, total pp 474 Philadelphia Lea & Febiger, 1913 


The book describes the work of fifteen years along a well defined line of 
thought Those who have followed the publications from Vaughan’s laboratory 
during these ycais know what opposition many of his beliefs have encountered, 
so that it IS w'lth real enthusiasm that one reads the clear, simple statement 
here presented For it is obvious that almost all his tenets have been amply 
upheld by recent woikers m immunity 

The preface contains a general consideration of the chemical forces that wmrk 
in the living cell, and the introduction deals with the subject of the protein 
structure of bacterial cells It is pointed out that like all other proteins, bac- 


terial proteins can be split by chemical agents or ferments into a very poisonous 
portion and a non toxic residue The remnant of the book is concerned with a 
discussion of these split products and then relation to sensitization, immunity 
and disease The work advances in a most orderly and logical fashion The 
toNic portion is first established as a true protein by an exhaustive series of 
chemical analyses, and then there follows a description of its preparation and 
physiological action It is clear from these physiological tests that what Vaughan 
and his co workers saw many years ago in the behavior of animals injected wit 
his “poisonous portion” was the now well known phenomenon of anaphylaxis 
The Identity of the author’s “poisonous portion” and Friedbergers anaphylatoxin 
IS discussed at great length and with many varying points of view throughout 
much of the rest of the book The two substances seem to be identical 
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Chapters 8, 9 and 10 deal rcspectncly yitli tubercle bacillus protein, anthrax 
and pneumococci Two impoitant points aie made in these chapters It is 
shown that the poisonous gioup (to\ophor) of the tubeicle bacillus kills, as all 
other toMC groups do, a\ith the sjmptoms of anaphylaxis, but has no sensitising 
power The non toxic cell lesiduc how tier, can scnsiti/e guinea pigs to living 
tubeicle bacilli In cxpciimcnts with anthrax and pneumococcus proof is 
advanced to support the hypothesis that pathogciiicitj docs not depend on the 
amount of the toxic suhstance, but on the abilitv of microorganisms to live 
and multiply in the bodj , that is to convert human proteins into bacterial 
proteins 

In Chapter 11, which occupies about one quartei of the book, the whole sub 
ject of anaphylaxis and piotein sensitisation is discussed The argument, follow- 
ing a short historical sketch of the knowledge of anaphylaxis, is in presenta- 
tion of the author’s theory of the mechanism of anaphvlaxis Contraiy to the 
geueiallj' accepted view that a mixed piotein like blood serum contains one pio 
tein which sensitises and another which is toxic, he belieies that the sensitising 
and toxic proteins arc groups in the same molecule The process of sensitisation 
confers the power on ceitain bodv cells of splitting such a protein molecule 
and liberating the toxic portion 

The chapter on protein fevers is most intciesting and the protocols and charts 
quite conclusive The last chaptei, dealing with the phenomenon of infection, is 
likewise most suggestive and instructive Here, as elsewhere in the book, it is 
strongly urged that vaccine therapy has great dangers ns well ns power to help 
Consequently the author seeks the soluble protein sensitirer free from its toxic 
group The book is so full of ideas and of sound experimental observation that 
a full discussion would require much more space It is an exceptionally good 
piece of work, suggestive and stimulating, and the record of a most thoughtful 
and purposeful effort to demonstrate the obscure relationships of the protein 
poisons and infectious diseases 


A CORRECTION 

New York, May 25, 1914 

To the Editor, Archives of Internal Medicine — In the article printed in 
your valuable journal for March, 1914, on Ulcus Ventricuh, by myself and 
Dr I W Held, I find the quotation from the article of J Kauffman entitled, 
“Mangel an Magen-Schleim,” from the Archiv fin Vcrdauinigs-Krankhcitcn, 
1907, p 616, to be incorrect The first sentence reads that in hyperacidity the 
mucus in the stomach is increased J Kauffman found that m cases in which 
there is a diminution in the normal mucus of the stomach there is pain simu- 
lating hyperacidity, although the acidity is normal On that he bases his asser- 
tion that silver nitrate is beneficial in cases of irritation of the stomach in 
which the mucus is diminished M H Gross 

40 East Forty-First Street 


A CORRECTION 

Dr Edward Perkins Carter wishes to make correction in the figures as 
they appeared m the manuscript of his paper on “Clinical Observations on 
Defective Conduction in the Branches of the Aunculoventncular Bundle,” in 
the May, 1914, number of the Archives, at page 801, as follows Page 809, 
line 26, for “0 13 and 0 18” read 0 12 and 0 20 , p 809, line 27, for “0 18” read 0 20 
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